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| ABSTRACT

~ An improved method for the synthesis of phosphonyl azides has resulted
in the synthesis of a new class of phosphorane 1ntermed1ate, the bis-
'az1dqphosphorane. Subsequent reaction of these bis-azidophosphoranes with
.bls-tertlary phosphines has resulted in polyphosphoranes from which, for the
first time, flbers and disks (brittle, however) could be formed.

A Thermal grav1metr1c analy51s studles contlnue o 1ndlcate that the
biphenylene linking unit provides phosphoranes (prototypes as well as
'polymers) which are more thermally stable than are those with p-phenylene
units. An initial thermal evaluation of polyphosphoranes indicated thermal
'stabgélty to hOO°C and a residue of 40-45 percent whlch was then stable to
TOO O°C. ' o

- . Additional synthetic effort has resulted in the preparation of two new
ahd useful interxmediates, the 3- and h-bromophenyldlphenylphosphlnes as well
as two bls-phosphonlc a01ds,;2_5_.m

A survey of 51ly1 azides and phosphoranes was conducted and the promlslng

"results suggest additional studies. An attempt to prepare a triborophane
diazide was unsuccessful,
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I. INTRODUCTION

As a result of exploratory research partially supported during 1960 and
' 1961 by the Air Force under Contracts AF 33(616)-6913 and -7810, several
new chemical reactions were discovered. A nwiber of new compounds having
the following bond systems were prepared and characterized:

0 - s 0 S g 0
2t 1 1 1 t 1 o 1 1
-P-Ng “P-Ng " -P-N = P- -P-§ = P- -5i-N = P-  '8-N = P-
4 l - 1] 1 . 1 1 ’ l 1
o . S .0

, In general, these ‘compounds showed a hlgh order of thermal and hydrolytlc
-stablllty. In addition, polymerization reactions based largely on these
compounds were discovered. This promising combination of chemical and

L physical properties suggested that polymers based upon these bondlng systems

" 'will have hydrolytlc, oxidative, and thermal stability. -

The chemistry of this research program is then based upon the reactions
of metalloid azides with tertiary phosphines to yield phosphoranes and an
equivalent of nitrogen gas. This is illustrated in the following equation

vhich demonstrates the reaction of phosphonyl azides and tertiary phosphines.

0 : o : 0
1 SR v , ,
RnP(N3)s-n + (3-n)R’gP ——— R P(N=FR'z)z-n * (3-n)Nz (1)

Initial work designed to exploit these basic discoveries demonstrated

- that polyphosphoranes could indeed be synthesized via the reaction of .

- phenylphosphonyl diazide and various bis-~tertiary phosphines although the
initial molecular weight values were low.' In addition, preliminary thermal
studies on a variety of prototypes of and on polyphosphorane polymers

’ 1nd1cated thermal stabilities to about h00-450°C. ;

This report descrlbes contlnuing work to extend and improve the chemistry .
~and properties of a variety of phosphoranes and polyphosphoranes.' In
-~ addition, the syntheses of varlous 1ntermed1ate maxerlals necessary for this
: ‘_program are also presented. ‘ : ‘. : . . ,




II. PHOSPHORANE POLYMER CHEMISTRY

A. “Preparation of Intermediates

1. 3Bis -Tertialj’ Phosphine S

As a result of the high approxmmate beginning of decomposition,
estimated by DTA to be about 460-475°C.,2 for the polymer prototype bis-
phosphorane XLVIII prepared from 4,4 ’-bis(diphenylphosphino)biphenyl (II)
‘and diphenylphosphonyl azide, considerable effort was devoted to the
attempted synthesis and, finally, to the synthesis of II. Since L,4’-
_dibromobiphenyl (I) needed in several possible syntheses of II was no longer
 readily available cormercially, the synthesis of a guan’cluy of this dibromide

vas carried out using a previously described method® (Eq. 2). However, on

Cells - Cells + 2Bra ——— BrBr + 2HBr (2)

I

using sllghtly la.rger quantities than those descrlbed, longer reaction times
““and lower yields were encountered.

: Three methods for the synthesis of II were investigated (Eq. 3a,
b, and ¢). Of these methods, only the reaction of 4,k’-dilithiobiphenyl and

| 2(C6H5 )2PCL + Li“Li ‘B_z__\ . . _ (3a)

2(CSH5)2P L1 + BrBr - (Celis )2P©- (3b)

2(CSH5)2PCl + Bng"MgBr ——-—-/‘ A L i (3¢)
1T

O
Q

O

O
Q

) diphenylchlorophosphine (Eq. 3a) proved to be useful. Even then the yields

. were low and varied somevhat as a result of the difficulty encountered in the
purification of the crude product as well as the problem of obtaining uniforn
slurries of the dilithiobiphenyl. In order to remove oxides and other non-
basic irpurities encountered in some preparations, it was necessary to
dissolve the crude yellow-colored bis-tertiary phosphine II in concentrated
hydrochloric acid, filter through a glass wool mat on a glass sintered funnel,
and then pour the solution into ice-water. The resulting solids were further
washed extensively with water, dilute ammonium hydroxide, end ethanol before
being vacuum dried. In other experiments, purification of II was readily

L2




effected by recrystallization from tetrahydrofuran-methanol or from ethylene
glycol dimethyl ether. However, when using the latter solvent, care must be
taken to insure that it is peroxide free as the peroxide contaminated solvent
will oxidize the bis-tertiary phosphine to the corresponding bis-oxide (IIa).

o o
, (Cleﬁs).zg’QlT’(CsHs )2

I1Isa

The bis-oxide was further 1den‘t1f1ed by ox:.dlzlng the bis-phosphine II with

3% hydrogen peroxide in acetone, The two ox:.des had identical 1nfrared
spectra and similar’ meltlng po:t.nus. .

A number of attempts to prepare II by the reac’clon of lithium

dlphenylphosphlde and 4,4’/-dibromobiphenyl (Eq. 3%b) gave varying results.

In one run, a small a.moun‘b of crude II was obtained; in a second, starting

‘material L,4’-dibromobiphenyl was recovered; while in a third preparation,

only a varlety of impure fracta.ons having wide melting ranges were obtained.

Although this method has been repor‘ced to work with p-dibromo-
benzene! » it is difficult to assess the actual yield of 1,4-bis(diphenyl-
phosphino)benzene (IVa) since it was the ‘corresponding bis-oxide which was
actually isolated. Furthermore, it was also reported that gas-liquid

- partition chromatography at 320°C. indicated that while the crude reaction
“'mixture contained only one bis-tertiary phosphine, the corresponding monoxide

and bis-oxide were also present. This suggests that it may be difficult to
obtain good yields of aromatic bis-tertiary phosphines by this method as a
result of considerable oxidation at some as yet undetermined stage before
the prod.uc’c is 1solated.

Similar results were obtained in the third method (di-Grignard)

shown in Equation 3c. In several preparations, high recoveries of k,4’-di-

bromobiphenyl were o'btalned indicating that the formation of the dl-Gr:.gna.rd
had not taken place. This was observed with both tetrah,ydrofura.n and

“p-dioxane as the reaction solvent. These results are to be contrasted with
"-the facile preparation of l L-bis (hphenylphosph;no)benzene (IVa.) by this

method ( see below).

A small quantity of the new bls-‘certlary phosphine, 1,4-bis-

(d:.me’chylphosphmo)benzene (III) nas been prepared and isolated as shown in
‘Equation ha.. The starting compound, 1,4-bis (dichlorophosphino Jbenzene, for

this synthesis was prepared via a high temperature and pressure dispro-
portionation of excess phosphorus trichloride and 1,k-bis(diphenylphosphino)-
benzene (IVa) 5 Since the azide functions of the bis- azidophosphoranes

i Cig?Péié +:1;CH3Mg_Br —_— (-CH;;‘)gPP(CH:;;-)é (k)

3




M'(see Section II. B.1) have considerably diminished reactivity toward tertiary

" _'f Addltlonal quantities of 1 h-bls(dlphenylphosphlno)benzene (1va)
were prepared as shown iq Equation 5. It was found that purification of IVa

toa relatively oxide-free condition could be effected by recrystallization

:Zsynthe31s of 1,3-bis(diphenylphosphirio)benzene (IVb) by the method shown in

‘similar to that of the crude bis-phosphine. -The apparent oxidation of IVb
"~ 1s difficult to explain at this point since the reaction had been carried out

- |

III + 2BBrg . ———p— BraB: (_CH3)2PP(CH3)2:_BBI'3 (kp)

phosphines, it is expected that III will react more rapidly and completely
than do the previously prepared bis-tertiary phosphines containing diphenyl-
phosphino functions, i.e.,. II and IV. Basis for this hypothesis is the fact
that diphenylphosphonyl azide reacts smoothly at 0°C. with phenyldimethyl-
phosphine.® This new bis-tertiary phosphine was further characterized by
means of the stable bis{tribromoborane) adduct.” The synuhe31s of an
aﬁdltlonal quantity of III is planned

.- 2(CeHs)2PCL + Brifg MgBr ———= (CgHs)2P P(Cels)2  (5)
IVa
from a benzene-methanol mixture or by means of column dbsorption chromato-
graphy on alumina (see Sectlon I A.2), =
o Consmderdble tlme and effort were also devoted to the attempted
Equations 6a and b. The successful preparation of IVb would hopefully ¥
provide a bis-tertiary phosphine for use as a phosphorane polymer intermediate

which might be expected to yield somewhat modified polyphosphoranes when
compared with the para homologs II and IVa. Unfortunately, neither

w0
2(‘céﬁs:)éz‘>"1.'i"’ +Bz.'--Br ~——>'{061{5‘)2P~©—P(06H5)2 (6v)
1w

1 3-bls(dlphenylphopphlno)benzene (Ivb) nor its dloxide could be isolated
or identified. Analytical data provided surprisingly high phosphorus values
(15.8 vs. 12. 94% P theory) while molecular weight determinations by either

. the Neumeyer® or Rast camphor method were low. - Furthermore, infrared

examination of the crude bis-phosphine reaction product indicated a
significant P-0 and related sbsorptions at 8.45 and 8.95u. The infrared
spectrun of the crude material oxidized with hydrogen peroxide was very

L



under an argon atmosphere. Thls dlffrculty is to be conurasted v1th the
facile preparation of -the para homolog, 1 h-bls(drphenylphosphlno)benzene
(Iva) using this or the diGrignard method. ,

. , Further workup of the res1dues remaining from g previous attempted
synthesis of IVb via the meta diGrignard resulted in the isolation and
~identification of diphenylphosphine., The diphenylphosphine apparently
" resulted from an initial hydrolysis of unreacted diphenylchlorophosphine to
. diphenylphosphine oxide [(CgHs)oP(0)H] which was subseqpently thermalized to
"d;phenylphosohlne and drphenylphosphonlc acld.

' ‘The difficulties encountered in the synthe51s of 4, A -bls(dlphenyl-
phosphlno)blphenyl (II) have been described sbove. Since it has been
reported that substituted phenyl tertiary phosphines could be prepared via
‘diazonium fluorcborates (Eq. 7), it was thought that a modlrlcatlon of this

' ~'.x2)MgorA_1"' o - \ .
X . a v . ‘ X . ’ X ' .

V

technique might offer an additional route to bis-tertiary phosphines such as
II. In this modification, phosphorus trichloride would be replaced with
diphenylchlorophosphine (VII) in an effort to circumvent the intermediate
phosphorus dichloride V and its subsequent reaction with the Grlgnard. This

' procedure is summarized in the follOW1ng eqpatlons _ ' -

HéNNHg + HBF,;‘-&- NaNog — F‘;B'szi\rz*BF; &)

o 2(C6H5)2PC1 _ﬂg____ (CsHs)aPP(Csﬁs)a | v (‘9)‘ o .
o II

- However, nitrogen evolutlon was only 50% of theory ‘and workup failed to yield
any of the desired bls-tertlary phosphlne 1L,

. Attempts were also made to'react two moles of dlphenylchloro-
phosphlne with hydroguinone and with resorcinol, in the presence of pyridine,
to obtain the: additional new bis-tertiary phosphines VIIIa.and b. However,




OP(CsHs )2

OP(CeHs )2

VIII a. -para
“b. meta

dlfflcult:.es in readJ.ly separa.tino' identifiable products and other more
pressing a.reas of 1nvest1gation resulted in the temporary dlscontlnuation
of thls work .

"2 Mono Substltu’ced Triphenylphosnhlnes

- The above dla.zonlum fluoro'borate technique was also inwvestigated as
part of a uwo-pronged approzch (Eqs. 10 and ll) to p-bromophenyldiphenyl-

Br@l\ma —_ Br@NgBF4 s Br@PClg (10)

X
CelisMgBr

S 'BrP<CeHs>a
BrO—Br e BI‘-@MgBr (Ceﬁs )2PCJ_ | . . (ll)

Tphosph’me (1) which is a necessary 1ntermed1ate for the synthesis of a
mixed tert:.a.ry phosphlne-phosphonyl azide such as XIII (Eg_. 12).

', | o C . 0
,Br@P(ceHg)a — BI‘M&-QP(CSHS).a E'S—Ee—pf’fR-f’@P(CsHs)a (12)

Ns l XITT
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Examination of some of the recent llterature 10 concerned with the
preparation of p-bromophenyldichlorophosphine (XI) from the fluorcborate (X)

cindicated that the phosphorus itrichloride had always been added to the
diazonium fluoroborate and that the yields of the ArPCly compounds were low

(33% or less). These low yields are not. ‘surprising when one considers that
under these reactlon conditions any ArPCl, compound initizlly formed could

react further with the excess dlazonium fluoroborate to yield ArpPCl and even

ArgP, Therefore, the reaction illustrated in (Equation 10) was carried out
under "inverse" addition conditions; that is, the diazonium fluorcborate was
added as a slurry to an excess of the phosphorus trichloride. The yield of
XI, while only a disappointing 12.8p, vas a sllgh increase over the 8% yield

- reported in the literature.** , s

C Reactlon of p-bromophenyldlchlorqphosphlne (XI) with phenylmavne51um
bromide (Eq. 10) which was expected to give the tertiary phosphine IX gave
instead a white solid melting at 141-143°C., This material was not soluble in

_base and had an infrared spectrum which contained absorptlons associated with
" P-0 at 8.45 and 8.95u as well as the 1,k-aromatic substitution at 12.25p.

These results and a molecular weight value of 354 tentatively identified the

white solid as the phosphine oxide XIV (M. W., 357) 1nstead of the expected

p-bromophenyldlphenylphos_ph.lne (x).
' 0 .
1
BrP(CsHs )z
XIV

In the seeohd phase of this two-pronged. 1nVest1gatlon, as illustrated

in Equation 11, a more pronounced effect of the addition sequence for the

reactants was observed. If during the preparation of p-bromophenylmagnesium
bromide (XII), the usual technique of adding halide to all of the magnesium
was followed, a significant amount of di-Grignard was formed, even on

:‘.addltlon of excess p-dibromobenzene, and only 1,4-bis(diphenylphosphino)-

benzene (IV) was isolated. However, with the inverse addition, magnesium to

fep dibromobenzene, & viscous liquid product was obtained. Distillation at
. 1074 mm. resulted initially in the sublimation of unreacted p-dibromocbenzene

and then at an oil bath temperature of 165-175° C., a colorless, viscous

-distillate was obtained. After standing for 24 hrs., the oil solidified to
-a white, waxy-appearing solid which was identified as the desired p-bromo-
- phenyldiphenylphosphine (IX). Relatively pure product was subsequently -

obtained by dissolving the crude material in éther and fllterlng to remove

'insolubles followed by concentration and sublimation to remove p-dibromo-

benzene. This material solidified to a yellcw-colored semi- crystalllne nass
after standlng for several days.‘

Attempts to further purlfy the yellow, semi-golid IX by recrystal-

‘lization as well as by solution in concentrated hydrochlorlc acid, a technique
which had been sqeeessfully used. to purify tertlarybphosphlnes prev1ously ‘

f'.




(see Sectlon II. A. l), resulted in the recovery of only oils. However, it
~ was found that adsorption chromatography on alumina resulted in the recovery
of a colorless oil which quickly crystallized. The infrared spectrum of
this product was sharp and indicated the absence of any absorptions due to
P-0. This solid now could be crystallized from methanol.

. The utlllty of this purlflcatlon by adsorpulon on alumina was
A‘further demonutrated during the partial purification of bis-tertiary
phosphines and by the separation of triphenylphosphine from its oxide and
- sulfide. For example, crude, yellow-colored II,melting range 152-172°C.,
was recovered (84%) as a white powder melting at 186-191°C. after one pess
through the column. The~further utility of this technique vas demonstrated
by the fact that the triphenylphosphine can be quantitatively separated from
" triphenylphosphine sulfide or oxide and from diphenylphosphonimidotri-
phenylphosphorane. .In the runs with the oxide and sulfide, these compounds
vere subsequently recovered from the colum by means of elution with benzene
or tetrahydrofuran. Unfortunately, the phosphorane could not be recovered
- from the column. It was further demonstrated that the alumina could be
regenerated by washing it successively with benzene, tetrahydrofuran, and
acetone followed by two hours in an oven at 130°C. A preliminary evaluation
of silica gel for this purpose indicated that 1t was not as useful as the
alunina.” (See Table III for details).

As an extension of the ebove work, a small amount of the isomeric

5-bromophenyldlphenylphosphlne (XV) has been prepared by the same inverse
Grignard technique (Eq. 13). Purification and final characterization of XV

Br ' R P(Cels )2

a 1) Mg R .
Br., | : 2) (CsHs)aPCl—— Br O , <l3)

XV

were hampered by the contlnued contamination by the starting materlal,
_m-dibromobenzene vhich was not removed on the attempted purification by
~eolumn chromatography. A more pure fraction of XV was obtained in low yield
after distillation at 10~2 mm through a short Vigreau column resulted in

- the removal of m~dibromobenzene. A large distillation residue, as well as
the lov yield of XV, suggested considerable diGrignard formation with m-

- dibromobenzene as the starting material. In addition to providing an
intermediate for the preparation of the meta isomer of the tertiary phosphine-
" phosphonyl azide XIII, XV will also be converted to the 1,3-bis(diphenyl-
phosphlno)benzene (IVb) vhich has not previously been avallable via more

. : P(06H5)2
XV + Mg or CoHeli (Celis)oPOL (csﬂs)eP / A\ (24)

8 - Ivb




dlrect synthetic methods, i.e., m—phenylene lerlwnard or llthlum dlphenyl-v
phosphide (see Section II. A.l and Equation 3). In view of synthetic
problems in the formation of a Grignard reagent from p-bromophenyldlphenyl-~
phosphine (IX) (see Section II. A.3),an investigation of the reaction of
—butyl llthlum and the bromophenyldlphenylphosphlnes is planned (Eq. k).

‘ In an_effort to gain some 1ns1ght into the actual ratlo of the mono-

and diGrignard reagents resulting from this inverse addition method, two
similar preparations were made from meta~ and pars-dibromobenzene dissolved

- in tetrahydrofuran. The magnesium additions resulted in exothermic reactions. -

 The resulting Grignard reagents were treated with pieces of Dry-Ice as soon
as magnesium was no longer v1sible (Eq. 15) ‘ The crude aclds were dlSSOlVEd ‘

_ ‘ 002 ' ‘ ‘ (15)
N - MgBr “‘ . COOH
T e JXNIT_ : fiee wir
8..- para ‘a. Dpara

b.‘ meta b. meta

in base, treated with charcoal, filtered, and reacidified to yield an obvious

- mixture of the acids XVI and XVII. The yield of meta-substituted acids was
only 50% while a yield of 78% was obtained for the para-substituted acids. -
‘Attempted separation of the iso- and terephthalic acids (XVII) from the meta-

-~ and’ para-bromdbenz01c acids (XVI) by ether extraction met with only limited

- success, being more useful in ‘separating the para compounds. Qualitatively
these yields are similar to the yields obtained for the bromophenyldiphenyl-

- phosphines XI and XV. At this point, this inverse addition method appears to -

.be considerably more practical for use with para-dibromobenzene than with the

' meta-dibromobenzene. However, the significantly high yield of isophthalic
acid obtained from meta~-dibrcmobenzene suggests that a reinvestigation of the
direct formation of the meta-lerlgnard reagent appears 'to be worthwhile.

‘ Pertlnent data for these experlments are glven in Tdbles I and II.

3. Phosphonyl Azides

; The successful preparatlon of 5- and h-bromophenyldiphenylphosphlnes
(X and XV) has opened the way for the possible synthesis of a mixed phosphonyl
azide-tertiary phosphine such as XIII which would then react in a. head-to-tail
fashion to give the polyphosphorane as shown in Equation 16. In the initial

- gttempt to develop this approach, the attempted synthesis of the intermediate

(ce,H5 ) ZP’PR

CE N2 (26)
U xIII Né'""""""' B
CeHg- or CHS- :




e

.phosphonamide XVIII vas underteken as illustrated in Equation 17. However,
- 0 ‘

R | 06H5§01
Br @P(csﬂs)e —Tﬁ,—»— BTM8C6H4P(CsH5 )2 N(CHo)a CsHsPCSHtsP(CsHs )o (17)
o o : R N(CH3)2
X E XX
- | - ' © XVIII

- difficulty was encountered in the formation of the Grignard intermediate XIX
and neither the phosphonamide XVIII nor the corresponding phosphonic acid
could be isolated and identified after hydrolysis of reaction product of
Equation 17, Sincé the hydrolysis product was largely insoluble in base, it
- would appear that the formation of the Grignard reagent XIX had not taken
place to any significant extent. In view of the potential utility of this
epproach, this Grignard reaction will be further investigated. In addition,
the use of n-butyl lithium to prepare the corresponding lithium aryl XX

(Eq. 18) for subsequent conversion to XVIII will also be investigated. An

BrCGH4P(CsH5 )2 + c4ﬁgLi ————-—LiC6I{4P(CsH5)2 ——p=  XVIII (18)

. alternative method for the synthesis of XX may be via the direct reaction of
IX and lithium metal.?2 However ,» since aryl-phosphorus bonds can be readily

cleaved by lithiwm® in tetrahydrofuran, this alternative method would appear

to be of llmlted ;po»entla.l for tha.s partlcular appllcatlon.

c A prev:Lousls comparlson of the thermal stabilities of a varlety of

. phosphoranes indicated that phosphoranes based ' upon the (C6H5 )sP(0)-~ unit

- .are somevhat more stable than those based upon the CSH5P(O)— unit., These
“results then suggested that phosphorane polymers and polymer prototypes

synthesized from bis-phosphonyl aezides such as XXI would have increased

XXI
thermal stebilities.

In the first step toward the ;preparat:.on of such a bis-phosphonyl
. azide, phenyl-N,N-dimethylaminophosphonyl chloride (XXII) was reacted with
4,4 ’_dilithiobiphenyl (XXIII) (Eq. 19) to yield the. 'bis-phosphonamide XXIV.
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2CSH5PCl ¥ LlLl — CsHsPPC5H5 + 2Lic1 (19)

N(CHs)z o N(CHa)z - N(CHs)ai

xxn - XXIII - , . L OXXIV

though infrared examination of the cfudé product showed all of the expected
absorptions, attempted isolation of pure XXIV resulted in only tacky materials

which resisted erystallization. Therefore, the crude bis-phosphonamide was

hydrolyzed under both basic and acidic conditions (Eq. 20) in an effort to

,

: . o N | . 1 L
XXIV + H or OH~ JH20 -CGHSP'P'CESHS -~ (=20)
Lo | JOH . OH

 determine the best method for this conversion. At present it eppears that
-~ the acidic hydrolysis is more rapid and gives a solid product which is more

easily purified. During the various workups of both XXIV and XXV, v1scous,

. yellow-colored products were éncountered which would not erystallize. -

However, after hydrolysis and subsequent repeated purification of the acid
by treating it in basic solution with activated charcoal, a relatively pure

-.sample of XXV was isolated. The preparation and isolation of an additional

quantity of the bis-phosphonic acid XXV will be made and this will be used
for studying the conversion to the bis-phosphonyl chloride and then to the
correspondlng bis-phosphonyl azide as 1llustrated in Eqpatlon 21 :

9 9 9 9
‘ ' e | B

Cl o Né ‘ . Ns

In addition to the synthetlc routes outlined above, the oxlaatlon

of approprlate bis(secondary phosphlnes) to the necessary bis(phosphonic

acids) was also- investigated. Previous work% had shotm that it was p0351ble'

. to partially cleave 1 h-bls(dlphenylphosphlno)benzene (Iva) with lithium

metal in tetrahydrofuran so.as to yield 1,4-bis(phenylphosphino)benzene (XXVI)

v ;(Eq. 22) 0x1datlon of the crude bls(secondary phosphine) w1th 1od1c acid

(CsHs)aPQP(CsHs)a L——T;ﬁ—v— CeH-sPQPCeHS —["-l--c Hspl%céﬁs (22)




gave only & tacky brown re51due. Oxidation of 1,k-bis(methylphosphino)-
benzene (XXVIII) by means of hydrogen peroxide and iodic acid yielded only
a small quantity of the bis(methylphosphonic acid) which was tentatively
“identified by infrared comparison with authentic acid. 15  gince an improved

H

H 0 0
- ? 1
01{31'=I'>CH3 L1, CH3P©PCH3 -  (23)
A L : . . ' 4 " -
| A . 0H _ oH ‘
XXVIII |
XXTX

.

 method for the synthesis of the 1,lL-bis(methylphosphino)benzene (XXVIII) is
" now available,’® additional experiments in this area are planned.

The investigation of the potential usefulness of other solvents,
 such as dimethylformamide (DMF) and hexamethylphosphoric triamide (HPT),
[(cH3)2N]3PO, for the preparation of phosphonyl azides and phosphoranes was
continued. This work was initiated in part, since certain of the phosphorane
prototypes such as XXXI have limited solubilities in the usual reaction
"solvent pyridine, It was hoped that any nev solvents would then lead to
”polyphosphoranes of increased molecular weights. Since it had been prev1ously17
observed that DMF was not suitable for use in the initial preparation of
’,dlphenylphosphonyl azide, it and phenylphosphonyl diazide were then first
‘prepared in pyridine. Then DMF or HPT was added and the pyridine was removed
at reduced pressure. ; . -

, In the resultlng study of d;phenylphosphonyl azide (XXX) in DMF,

no difficulty was encountered in the synthesis of the azide (Eq. 24) in

. pyridine agnd then adding DMF before removal of the pyridine. Reaction with
1,4-bis(diphenylphosphino)benzene (IV) resulted in an 83% yield of nltrogen
(Eq. 25). ~The yield of XXXI was 97.9%.

o o '

1)
(cens )2PCl + NalNj 5’)‘%&‘—", (CeHs )2P\I3 | : (24)
xxx‘

e el o e
o (c'sns)zp@lo<cens>a —-’1‘9- <cens)2ﬁm-r" e (25)




Hovever, when the DMF was added to the pyrldlne and phenyl-

Aphosphonyl diazide, which is needed to prepare a polyphosphorane, it appeared

that a gas (nitrogen) was being evolved during the removal of the pyridine.
Infrared examination of the resulting mixture subsequently indicated a
complete loss of the azide absorption at 4.65u. At present there is no
explanation for these different characteristics of diphenylphosphonyl azide
(XXX) and of phenylphosphonyl diazide in the solvent DMF. However, this
unexpected decomposition appears to rule out the possible use of DMF in

: polyphosphorane preparatlons 1nvolv1ng phenylphosphonyl dlaz1de.

The use of hexamethylphosphorlc trlamlde (HPT) as the reaction

‘solvent for use with both phosphonyl azides and the phosphorsnes was also

investigated. While no nitrogen was evolved during the formation of diphenyl-
phosphonyl azide, the rate of formation (v1a infrared spectroscopy) was =
slower than had been observed previously. in pyrldlne.ls Subsequent reaction
of the dlphenylphosphonyl azide formed in HPT w1th triphenylphosphine resulted
in only a 41.5% evolution of nitrogen and a 23% o recovery of very impure '
phosphorane. These results do not indicate much promlse for HPT as an
improved solvent for these reactlons.

In the - continuing evaluation of potential new and better reaction
solvents, several pyridine derivatives, @- and y-picoline and 3,4~ and
2,6-1lutidine, were also investigated. If these pyridine derivatives would
malntaln the same rate of formation of the phosphonyl azides as was found in
pyridine, then the higher reaction temperatures possible with these new

 solvents would be expected to speed up and/or force the polyphosphorane

formation to completion., In similar experiments, diphenylphosphonyl chloride -
and sodium azide were allowed to stir at ambient temperature and the progress
of azide formation was followed by monitoring the increase of the azide
gbsorption at 4.65u. The infrared data for this study are shown in Table IV.

'Azide Tormastion in @- and y-picoline was found to be rapid, with no

- dinecrease in the azide absorption gfter six hours which is similar to the rate
,in pyridine. An 89.6% yield of brown-colored diphenylphosphonimidotri-

phenylphosphorane was obtained from the azide prepared in o-picoline. These

~ - results suggested then that the picolines appear to be potentlal reaction
'solvents for polyphosphorane preparations. The apparent rates of formation
“of diphenylphosphonyl azide (XXX) in the lutidines were very slow and the

yield of phosphorane from 2,6-lutidine was -only 6h. 6%. These results would,
on the other hand, appear to rule out the use of the luuldlnes in these =

'reactlons.

Althdugh there was no evidence for'the‘fofmétion of phbéphbnyl’”'

~ azides in benzene, an additional solvent study us1ng varying ratios of
‘ pyrldlne o dlphenylphosphonyl chloride in an excess of benzene was under-

" taken. Molar ratios of Pyridine to diphénylphosphonyl chloride of 1: 1, 2:1,
3:1, and k:1 were studied, as described above, by infrared upectroscopy.
-.In order to further define this system, the resulting phosphonyl azide was
" then dlrectly reacted with triphenylphosphine to yield nitrogen and diphenyl-
- phosphonlmldotrlphenylphosphorane. The’ restlts shown in Table V show that ‘

the 2: 1 ratio gave results whlch were approx1mate1y equal to those obtained
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~ previously in pyridine alone and further suggest possible utility in

" phosphonyl -azide-phosphorane preparations. In addition, workup of the
‘reaction mixtures was found to be more facile than in pyridine alone.
has, indeed, been showr to be the case for’ the syntheses of bls azido-
phosphoranes, see Section IT. B.1.

This

h, Silyl Az1des

In a survey to further define the chemlstry of silyl azides and
silylimidophosphoranes, the following sequence of reactions was briefly
investlgated (Eq, 26).  This investigation was readily followed by infrared

L NeNa - . (CgHs )aP o
) (06H5)25101e -—59&37 -(CeHs ) 281C1 -S-sléiklﬁ' (CeHs ) 281iN=P(CeHs )3
) . ‘ . I | =2 t
. Ng c1
XTI x'xxIII XKIV

Nali5 (26)

(Cetls )281N-P(Cells )

X : :

(CsHs)2§iN=P(CsH5)3
N3
' . XXXV
X = -OR, NHR, etc
‘ -Nz | (CeHs )P

(Cells ) 281 [N=P(CeHs )32
| - XXVI

spectroscopy and by nitrogen evolution where appropriate. After stirring
“overnight at ambient temperature, the conversion of diphenylsilyl dichloride
(XXXII) to %he chloroaz1de XXXTII had been accomplished as was confirmed by
a strong azide asymmetrlc stretching at k.64p and a medium azide symmetric
stretching absorption at 7.5Tu. Reaction of the silyl chloroazide with one
eqpivalent of triphenylphosphine to yield the chlorophosphorane XXXIV was
followed by both nitrogen evolution and infrared.- In addition to the
. nitrogen evolution of 921 cc (102. 6% of theory), there was an almost complete
loss of the azide gbsorptions and the development of the broad, medium P=N
due to phosphorane formation at 7.38 and T.TOw. = An aliquot was removed at
this point for use in studying the chemistry of the chlorophosphorane XXXIV
and of its derivatives XXXVII. An initial hydrolysis of XXXIV resulted in
the formation of an oily gum from which white crystals grew. These crystals
vere subsequently identified as trlphenylphoophlne oxide. This preliminary
result 1mp11es a complete hydroly51s of* XXXIV as opposed to the more desired

1k




hydrolysis .of only the chloro function. Tt is hoped that controlled
hydrolysis may lea;d't_o a siloxy compound such as }QQCV.‘LII. Such a $i-0-8i

(eets );'siN=P(c6H_g o
(Celis 28112 (Celi )a

XXXVIII

'comp‘ound would then suppdrt the possibility of cross-linking linear
-~ phosphorane chains by means of the Si-0-Si llnkage to yield an even more

stable system.

The reacﬂioh' of sodium azide with the chlorophosphorane XXXIV was

‘also followed by infrared examination. This technique showed that there
‘was no significant increase in the azide absorption at 4.68u after only

four hours. This facile displacement resembles similar results obtained
previously with phosphorane chlorides.*® The phosphorane gbsorptions were
unchanged after this displacement reaction. Another aliquot was removed to

- allow comparison of the chemistry of the a.zn.dophosphora.ne XXV with tha.t of

the chloro_phosphorane XXXIV.

The remalnlng az:.dophosphorane was reac'bed mth a second

’equ:Lva.lent amount of triphenylphosphine to yield the known silyl bis-

phosphorane XXXVI. 20 phe nitrogen evolution of )-!-50 ce. corresponded to a

yield of 10l 8% for this last step.. Again, :Lni‘ra.red examination showed the
loss of the azide sbsorption at 4 68y (2137 em~'). In view of these v
preliminary but encou:faglng results further studies on “the’ s:.lyl az:.des are

,-planned. - Dol

5 Tribdrbphané Azideé

. A ”br:.ef :anestlgatlon of the poss:.'blllty of prepar:.ng az:Ldes from |
the cycl:x.c triborophane XXXIX was also carried out. A quantity of the

' dibromotriborophane XL prepared as shown in Equat:z.on 27 and obtained in 99%
- purity by repeated recrystallization from methanol was treated with two
" equivalents of sodium azide in pyridine, first at ambient temperature and

later at reflux. . Unfortunately, frequent 1nfra.red observations indicated

that no azide was being formed as expected in Equation 28.
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éFHa)e 'éFHa)a
T S : H 3
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i’ me -° 1287 3] A° (21)
| + CHz - C_ ‘ [ Br + CHp - €Z
(CH3)2P\B/P(CH3)2 2(IJH ’ 'C/N = BY —— (CH3)2P\B/P(CH3)2 ('3H i
2 - ' . L 2 - C
Hz No E Br 0
. XXX XL
g (CHz)2_ -
. H,B7 P\B/ :
' idin :
XL + aNa‘NS Pyr e‘r/ll.f I l NS (28)
| (Cﬁs)aP /,P(CH3)2
| H/ N

XLI-

Furthermore, evolution of a gas and formation of an orange-colored solid were
observed during the reflux period. -In view of these negative results, this

o investigation was discontinued and no attempt wes made to identify the
‘products of the reat:tion of XL, and soaium azide.

Preparation of Phosphorane Prototypes’

B.

- L. B:Ls-Azidophosphoranes

Since arylphosphonyl d:.az:Ldes have been shown to be extremely heat
and shock sensitive,2! the purification of larger gquantities of these vital
polyphosphorane intermedistes has not been possible., The chemicel and
thermal stability®2 of the azidophosphorane XLII, however, suggested that the
synthesis and purification of similar bis-azidophosphoranes would be

o
-
CeHsPN=P(CeHs )a
] L L
Ng
XLII

feasible, Separation and i)urification of such bis-azidophosphoranes would
then result in the better control of the stoichiometry in polymer
preparsgtions and hopefully in polymers of higher molecular weight.

16
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successful preparaulon of such an 1ntermedla$e depends upon the greatly

- decreased reactivity of the remaining two azide functions of the azido-
phosphorane . toward tertiary phosphlnes which suppresses potentlal polymer
formation. i o EEETN , S DR . _

' , Reactlon of two equlvalents of phenylphosphonyl dlaz1de (XLIII) and .
, l h-bls(dlphenylphosphlno)benzene (Iva) in pyrldlne at amblent temperature

. 20eHsB(Na)z + (Cets )2?P(06H5 )

B S N ST
QsHsle=‘P(°eHs')a(csHs)aP=mjcsH5 + Mat

Coxv : | , : o
| a X =-Ng :
b, X =-OH

 resulted in qpantltatlve evolutlons of nltrogen and the 1solat10n of- whlte

e and yellow powders which appeared t0 be the desired bis-azidophosphorane

. XLIVa. One fraction having a melting point of 136-138C. was found to have

‘a molecular weight of 821 (806 theory). . The infrared spectrum of this -
material contained a strong azide absorption at 4.72p as well as the typical .
phosphorane absorptions in the region 7-9u.  Isolation of XLIVa by simply

- pouring the pyridine reaction mixture into water, as had been possible with - ©

.- XLII,®2 resulted in the separation of mostly tacky materials. -Like the azido- = =

~,,f‘;»phosphorane XLII, the crude bis(azidophosphorane) XLIVa is relatlvely stable .
" toward hydroly51s as only small absorptions associated with hydrolysis e

products were observed in verious fractions 1solated Comparison with the

1nfrared spectrum of the prev1ously'prepared acld phosphorane XDV conflrmed; }jfe”

L R T

‘f.‘CeHsf-N?P(CsHs)s‘f;fn

Coom
Txawv

the presence of 'some hydfOlysis'pfodncﬁ.




- Purification of the crude, yellow-colored XLIVa was initially
accomplished by means of a complex, tedious, and prolonged crystallization
from a pyridine-water-ethanol systen. However, the yields of the crystal-
lized product were only epproximately 30%. From the residues remaining

- after this purification, ‘a considerable quantity of the corresponding acid
XLIVb was recovered. Since the product was obviously not this impure before
recrystallization, it will be necessary to develop a better, nonprotonic if
at 2ll possible, purification technique for future use.

, Similar results were encountered in the initial synthesis of the

: homologus bis-azidophosphorane XLVI in pyridine. Again, the crude reaction
product had a tendency to gum and contained absorptions due to hydrolysis
products.” Concurrent with the synthesis of XLVI in pyridine was an

»

0 0

t o t
carz-n-2lcgts)e (| )-ploat)w-rors
 Ns : . Ny

XLVI

- additional preparation using the new benzene and 2:1 ratio of pyridine to
‘phosphonyl chloride method (see Section II.A. 3.). In view of the promising
results dbtained via this method (see below), the ebove pyridine investigation
was terminated :

Slnce previous studies had shown that & 2:1 ratio of pyrldlne to
phosphonyl chloride in benzene resulted in a rapid and high conversion to
phosphonyl azide and subsequently to phosphorane, the use of this technique
for the syritheses ‘of the bis-azidophosphoranes XLIVa and XLVI was studied.
“Initial preperations have resulted in almost qpantitative vields of
-considerably more pure products in both cases. Particularly encouraging
- have been the increased rates of reaction in this mixed solvent system of
phenylphosphonyl diazide and the appropriate bis-tertiary phosphines. The
product bis-azidophosphoranes XLIVa and XLVI are now off-white to white
.powders instead of yellow, gummy residues. Infraréd examination of both
XLiVa and XLVI obtained via this new method showed that hydrolysis products
were no longer present as had been the case in the previous preparations
and purifications carried out in pyridine. These bis-azidophosphoranes were
subsequently used in further polyphosphorane studies (see Section II. C.1).

However, in order to fully characterize and to teke advantage of
these new bis-azidophosphoranes, it will be necessary-to develop an analytical
- technique which will distinguish between the azide nitrogen and the imido
. nitrogen., The use of the standard Kjeldghl method at present results in
nitrogen analyses which do not readily relate to the total nitrogen content
or to any proportion of it (i.e., one of four nitrogen atoms present, etc. ).
As a result, it is not clear then whether the difficulty is due to impurities
~in the sample or to incamplete analyses.
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‘ - Mo furbher characterlze and to galn in51ght of ’che react1v1‘ty of
the rema:.nlng az1de func'blons 58 quant:.ty of ‘che XZLIVa was reac’ced :Ln

XLIVa + ‘2(061{5')39 2Ny B
L T R I E (30)
 (Cefls )3P=N-I’>-N=P( Cells )2@9(%}15 )2=N-P-N=P(CeHls )3
| Xwir =~

, toluene W:Lth two eqmvalents of trlphenylphosphlne. Although the azide

- absorption disappeared and 8h% of nitrogen was collected, the reaction product
appeared to be grossly impure as evidenced by an extremely wide melting range
and poor analytical values. The infrared spectrum contained a strong

o a.bsorpt:.on at 10. 8-10. 951.3. due to hydrolys:.s ~product.

A second prepa.rat:\.on in p;y'rld_lne using XLIVa obtained from the new
- mixed solvent method resulted in a 90. 8% yield of XLVII. The nitrogen

- evolution required more than six hours for compléetion. . This result again

- points out the diminished reactivity toward tertiary phosphlnes of the azide

functions remaining in the azidophosphoranes. As a resul‘b it w:Lll be

- ‘necessary to insure that polyphosphorane preparations are carried out long
‘enough to complete the nitrogen evolution. In addition, this decreased
‘ reactlvrty emphasizes the need for more reactive 'bls-'tertiary phosphines
- such as’ 1 h-‘bls(dmeth,ylphosphino)benzene (III) vhich is now availsble for -
E _‘study (see Section IL A1) L

2,  Arylene-Linked Bls-phosphoranes

: An additional qua.ntlty of” the b:.s-phosphorane XLVIII was prepared
as shown :m ‘Equation 31 . Thermogravimetric ana.lys:x.s of this compound

o C o R

"+ 2(Cels)2FNa -._—:-f&;-— (ceHs)aP‘-N=P(¢eHs)z@ (31)
, .mm L

~ indicated no weight loss to about th°C and only 10% loss at 460°C. Further-
more, the black residue, about 26% of the original weight, did not show any
“additional weight loss over the temperature range of approximately 525-750°C.

The initial -decomposition temperature (~ 410° C.) by TGA is somewhat lower '

 than that :prev:.ox;:sil.y2 estlma’ced by d::.fferentn.al themal analys:.s (~ L60-4T75°C, ).
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However, the results are very encouraging and additional work is planned
using 4,l4’-bis(diphenylphosphino)biphenyl (II) as the linking unit.

3. Silylimidophosphoranes

An additional quentity of the silylbis-phosphorane XXXVI was also
prepared via the in situ reactlon illustrated in Eqpatlon 32. This method

- 2(Cels )P + 2NaN3 (CSHS)ZS;C12=: (CeHs )281 [N=P(CeHs )als + 2N2 (32)
T : Pyridine
XVI

~ involves the addition of the silyl dichloride XXXII to a mixture of sodium
azide and triphenylphosphine in refluxing pyridine. Although the evolution
of nitrogen was 92. 5% of theory, the yield of recrystallized XXAVI,
m.p. 191.5-193°C., was only 50%. This additional quantity of the silylbis-
phosphorane was desired for the reinvestigation of the thermal and hydrolytic
properties of this material. These new tests showed good hydrolytic
‘stebility and indicated good thermal properties. The differential thermal
analysis curve for XXXVI did not reveal any definite decomposition point to
approximately 512°C. It appeared that the compound was simply refluxing in
"the sample tube. This increased thermal stability is in marked contrast to
a previous DTA observetion vwhich showed decomposition to ‘occur at only 292°C.
- This value w1ll be ‘rechecked on a third sample.

e Tt will also be necessary to improve the yield of XXXVI in order to
fully demonstrate any potential utility for preparing polysilylimido-
phosp?oranes (see also Section II, A.4 for a stepwise synthesis leading to
XXXVI).

" C. Preparation of Phosphorane Polymers

1. Polyphosphonimidophosphoranes

a. - In Situ Preparations

‘ Addltional preparations of polyphosphoranes from phenyl-
phosphonyl dlaZlde (XLIII) and both 1,k-bis(diphenylphosphino)benzene (IVa)
and biphenyl (II) were carried out in pyridine as illustrated in Equation 33.
An initial preparation of biphenylene linked polymer XLIXb provided a crude
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to approx1mately h90 C.

. compared with the residues left by the prototype compounds.  Alsd, the

tan-colored povder as had been obtained from preparations in pyridine.

:solvents are held tenac1ously by the polyphosphoranes.»;~

‘sample of this new phdsphdrane polymer which still confaiﬁed an azide absorptlon‘“i:
at 4.65u. Differential thermal analy51s, however, 1mplled thernal stability

Addltlonal preparations were also made to prov1de samples for
’jthermal gravimetric analysis. The resulting curves are shown in Figure 1.
. The initial, small (~ 10%) weight losses may suggest entrained solvent loss.
. The temperatures at which the major weight losses began are similar to those
- -obtained for the previously prepared phosphorane prototype cOmpoUnds.26
" However, the percentage of stable residue has approximately doubled when

biphenylene based polymer XLIXb appears to be somewhat more stable than XLIXa
with the p-phenylene linking unit. This stability relationship has also been
.. demonstrated recently by Parts and coworkers during the syntheses of several
‘ cycllc polyphosphonamldes Whlch contalned these _same llnking groups.27.

A preparatlon of XLIXa in wuplcollne, suggested as a result of
" azide formation studies in Section II. A.3, resulted in recovery of the same

‘Attempts to form fibers or effect adhesion to glass were unsuccessful (however,
see below). During heating experiments, approx1mately 10% welght losses were o
observed. These values are similar to the initial welght losses observed by - .

means of thermogravimetric analys1s and further suggested that the pyrldlne
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A polymerlzatlon of phenylphosphonyl diazide (XLIII) and

1 thls(dlphenylphosphlno)benzene (Iva) was also carried out using both
pyridine and dimethylformamide in an effort to effect changes in the .
Pproperties of the resultlnb polymer.  The bls-tertlary phosphlne IVa was -
~dissolved in warm dlmethylformamlde before XLIII in pyrldlne was introduced.
While the yleld of nitrogen was only 68p, the reactlon mixture was found to
not have an infrared dbsorptlon due to azide. These results appear to be
“similar to those obtained from the attempted preparatlon of the phenyl-:
phosphonyl diazide in dlmethylformamlde in which there was a’ decomp051tlon

of . the dlaz1de. Furthermore, 1t vas not p0551ble to draw fibers from thls R RE

materlal.

';b;_:‘ Sequentlal Preparatlon

‘As a result of the ready preparatlon and 1solat10n of the new

polymer 1ntermed1ates, the bis- azidophosphoranes, XLIVa and XIVI, (see
Section II. B. l), two new approaches to the problem of synthes121ng poly- ‘
““phosphoranes are now available. The first of these is a stepwise, sequential
bulld-up of polymer 1ntermed1ates or prepolymers as. 1llustraued in Equations
3h 36 React1on of the bls-az1dophosphorane with two moles of a bls-tertlary

C CesPI-R(Cells )2P,§Csﬁs')2=1:C6Hs o ‘
L L XVa

. ((cetls )aPI%(csHS ‘)}=’;1\11:‘N=P(_(}"535 )2

? e iy
quslefP_(csHs)'zl?(chs J2=NEN=P(Cofls )2




phosphine such as IVa could then yield a tertiary phosphine terminated
intermediate such as L. - Further reaction of L with two moles of phenyl-
phosphonyl diazide would yield a new azide terminated intermediate LI.
Isoletion and purlflcatlon of this series of intermediates, XLIVa, L, and Li
would allow greater control of stoichiometry end reaction conditions in
subsequent polymer preparatlons. In addition, various copolymer compositions
could be readily prepared by reacting, for exsmple, the bis-azidophosphorane
XLIVa with 4,4 ’-pis(diphenylphosphino )biphenyl (IIS instead of 1,4-bis-
(dlphenylphosphino)benzene (IVa) as illustrated in Equation 35. However,

on the neggtive side, a most critical step in this sequential method would
be in the preparation of the bis-tertiary phosphine terminated compounds
such as L vhere polyphosphorane formation must be avoided (Eq. 35).
Nonetheless, this approach appears to offer a ‘multitude of possible vari-
ations and will be ,thoroughly investigated.

In a preliminary investigation of this approach, the steps
outlined in Equations 34-36 as well as two subsequent steps were surveyed in
. pyridine without isolation of any of the intermediates L, LI, etc. While
. azide ebsorptions appeared and disappeared as expected, the nitrogen
. evolutions were erratic and better measurirg techniques will be needed. The
material isolated as a brown powder from this procedure had an infrared
spectrum which was similar to those obtained from previous in situ
preparations in pyridine.. To properly evaluate this method, it T will now be
necessary to isoldte and characterize the various intermediates such as L

and LI,

The second utilization of the bis-phosphoranes XLIVa and
XLVI is by means of their stoichiometric reaction with bis-tertiary
phosphines (Eq. 37). This reaction has been evaluated in several solvents

' t -t
(Csﬁs)2P4<:::>}P(CsH5)2 + Ceﬁs?-N=P(CsHs)21<:::>>P(06H5)2= -fCGHs
IVa ~ ' XLIVa ' -
| ‘ _ -2No (37)
=N-1?-N=P(CGH5 )2‘©P(CSH5 )2 _
Cols |

XLIXa
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.,v(dxmethylformamlde, dlmethylsulfoxlde, hexamethylphosphorlc trlamlde) and
 jthe 1n1t1al results are most encouraglng. o Coee

. e Ai the ‘same tlme, solvent compatlblllty studles were also
'carrled out with 1,4-bis(diphenylphosphino)benzene (IVa) and these solvents

at 100°C. or sbove, = The bis-tertiary phosphine IVa was recovered unchanged R

from dimethylformamide and dimethylsulfoxide but was considerably oxidized
by hot hexamethylphosphorlc triamide. This oxidation was shown by a very .
broad melting range and by new absorptions due +to P-0O and PO-phenyl 1n ‘the
“infrared spectrum of the recovered materlal At 85° C.’, no oxldatlon was '
‘observed and,. as a result the run in hexamethylphosphorlc at reflux was
discontinued. However, a run in this solvent at 85°C. was subsequently
, carried out w1thout any ev1dence for the oxldatlon of the bls-tertlary
rphosphlne. '3‘, S ‘ . . . , ] .

" The polyphosphorane XLIXa, recovered from dlmethylformamlde,

*from dxmethylsulfox1de, and from hexamethylphosphoric triamide at 85°C. was =

- a pale yellow-colored, powdery material with propertles not observed from
any previous preparations. - When placed in hot water at about 65°C., a very
tacky ball of phosphorane formed from which long, brittle fibers could be
“drawvn. In addition, clear, but again brlttle, ‘disks were pressed from the

. powder isolated after removal of the reagction solvent. These results imply ”f'k'

that longer chain lengths -are now being obtained by the introduction and use

-of the bis-azidophosphoranes in place of phenylphosphonyl diazide in the S
‘polymerlzatlon studies. Further preparations and evaluatlons of thls method ";‘fﬁff

and the resultlng polyphosphoranes are underway.

- Poly51ly11m1dophosphoranes :

o ‘ In a secon& area of phosphorane polymers, the flrst synthes1s of a |
silicon contalnlng Dpolyphosphorane has been carried out (Eq. 38) in both
fpyrldlne and tetrahydrofuran.- The product 31lylphosphorane obtained from .

»*(0655);_31(1\75)2'&+j(e$H5)'2P@P(csHs)a —-————-—-»—g —

O Cofs Gy
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pyridine had a differential thermal analysis curve which suggested that this
material was stable to about 450-500°C. Molecular weight determinations on
LII fractions suggested a low value of x, only approximately 3. Further
'evaluatlon of the 51lylphosphoranes w1ll continue as time permits.

D, Experimental

Caution! Certain of the phosphonyl azides of thls study have extreme
‘sensitivity to heat and shock and should be handled with care!l All azide
reactions were carrled out under an inert atmosphere and in anhydrous
solvents. :

The 1nfrared spectra were determined on & Perkin-Elmer Model 21

~ spectrophotometer. Molecular weights were determined using the Neumayer
thermistor method.® Volumes of nitrogen are alwuys corrected unless otherwise
noted. Boiling and melting points are not corrected.

1.  Preparation of Intermediates

8. Commerical Intermediates

' Several commercial phosphorus-chlorine compounds and
‘other intermediates were purlfled by distillation or by recrystallization as

o was appropriate. Oxygen and vater sensitive compounds were sealed in glass

vials in varying quantities to provide uniform samples as needed. Pertinent
data for compounds purified are listed below:

m. P.

Triphenylphosphine o . 80.5-82 °¢ Recryséallized from
’ S ' ~ isopropyl alcohol
| Bepe np’

, Diphenyléh;oroohoéphine- p 87-89°C/0.3 mm ' 1.6362
Phenylphosphonyl dichloride | 140-142°C/20 mm - 1.5580-1.5590
Dlphenylphosphonyl chloride 128-132°C/0.l mm 1.6100
Dlphenylsllyl dichloride . 102-104°¢ /0.5 m | -
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b, Phenyl N N-dlmethylamlnophosphonyl Chlorlde (XXII) (1935-15, 18) S

' o A 90 g. (2 mole, ~o152 ml,) quantlty of dlmethylamlne was
allowed to dlstlll with rapid stlrrlng into a reaction mixture cons1st1ng of
195 g. (1 mole, 162 ml.) of phenylphosphonyl dlchlorlde and 500 ml, of

© “toluene which was cooled by means of an ice bath.: " The precipitate of dlmethyl-' ,
amine hydrochlorlde, which made complete agltatlon of the mixture dlfflcult

- was removed by pressure filtration under nitrogen through a fine glass

~sintered funnel. The solvent was réemoved at reduced pressure and the yellow-
.~ colored liquid residue was distilled through a spinning band column, A
48,2 g. (O 25 mole) forerun of unreacted phenylphosphonyl dichloride,

“Db.p. to 65° C at 0.2 mm., nZ° 1.5602, was collected before 132.2 g, (0.65
mole, 86. Tp‘based on consumed . dlchlorlde) of phenyl-N,N-dimethylamino- -
. phosphonyl chloride; b.p. 86°C. at 0.2 mm, was obtained.  Anal, caled. for
~:“CaHllClNOP €1, 17.41; N, 6. 88 P 15 21; C1: P 1.00. _Found: Cl, 17.2;
,» 6. 53; P, 15.3; CL:P, O. 98 : , D o N

- In a second preparatlon, 195 g. (l 0 mole) of phenylphosphonyl

L dlchlorlde ‘dissolved in 400 ml. of toluene was reacted with a slight excess

~of dimethylamine, 102 g, (2.27 mole), over a 6-hour period. Following the
preceding work-yp and distillation, 142.6 g, (0.70 mole) of the amino-
chloride, b.p. 90°C/0.25 mm., n8° 1.5469 was obtained. The yield, based on
~consumed phenylphosphonyl dichloride was 88.6%. . . o S

c. 4 4,-D1bromob1phenyl (1) (1935-2 and 5)

: Follow1ng a prev1ously descrlbed procedure, 30.8 g. (O 2 .
mole) of biphenyl and 78 g. (24 ml., 0.48 mole) of bromine in separate dishes
- were allowéd to react at room temperature, with occas1onal stirring of the

" biphenyl, in a vented desiccator. After 24 hrs, the bromine had been
consumed and the crude product was allowed to degas. . As a result of a wide
: meltlng point range, 135-155°C., the crude product was treated with an -
 additional 12 ml. (0.2L4 mole) of bromine. Crystallization from benzene and
" Norite A provided L43.8 & (0.1k mole, 69 5% yleld) of white crystals,
| m.p. 163 166 reported m. P 166PC. ‘

o A A second preparatlon was carrled out as above to yield only
- 27 g. (o 0865 mole, 50. 9% y:l.eld) of recrystalllzed u h’-dlbromoblphenyl
mp. 163-266°C. IR T ,

a , Preparatlon of 4k’ -Blphenyl- ,
'bls(phenylphosphlnlc Acid) (xxv) (1887 191)

. A 168 3 g. quantlty of o beazene slurry of h h’-dllithlobl-
phenyl (thhlum Corporation of America) thought to contain’ approx1mately
0.0805 mole of the dilithio ‘compound was ‘siphoned under argon into a 500 ml.

~ round-bottom flask fitted with a thermometer, a condenser and an addition

funnel. The system was filled with argon and protected from the atmosphere

" by means of a mercury bubbler. To this slurry, held at 10°C. or less by

means of an external ice-water bath, was slowly added 10 ml, of a solution

of 25 ml. of benzene and 32.8 g. (0.161 mole) of phenyl-N,N-diméthylamino-

.phosphonyl chlorlde. Only a sllght exotherm was noted and no color change
e S 27 o X P




occurred. . No increase in temperature was noted on addition of all the
chlorophosphine. After an additional 10 ml. of excess chloro-compound had
been added, the reaction was allowed to warm up, At 15°C. an exotherm was
noted and the témperature increased to 36-38°C. where it was held by means
. of the ice-water bath, As the temperature began to drop, the bath was
replaced with warm water so as to maintain the temperature at 36-38°C. for
30 minutes. The color of the mixture now changed to a light-tan color.

The solids were separated by filtration and washed with ether
to yield 59.5 g. of a tan-colored powder, The combined ether-benzene
fractions were concentrated to give a brown goo which resisted solidification.
_ The infrared spectrum of the tan powder contained the expected absorptions
associated with P-0 at 8.45 and 8.88y as well as P-N{CHz)z at 10.25uS and
1,h-aromatic at 12.22u. - Attempts to recrystallize this solid resulted in
only the recovery of brown-yellow gums., Hydrolysis of the tan solids under
both basic and acidic conditions in ethanol yielded various base soluble
fractions vwhich frequently precipitated white, tacky substances on acidi-
fication with c¢oncentrated hydrochloric acid.

A 15.3 g. quantity of the tan solids was refluxed with 5 g.
of sodium hydroxide dissolved in 85 ml. of ethanol and 50 ml. of water
for 64 hrs. The mixture was treated with activated charcoal, filtered, and
the filtrate was acidified with concentrated hydrochloric acid to give 5.2 g.
of a bulky, white precipitate. Anal, caled. for CgoaHpo04F2: P, 14,26;
M.W., L3k, L, Found: P, 1k.1; M.W., 470. Further investigation of the
synthesis of this materlal is to be undertaken.

e, p—Phenylene-Bis-Phquhonic Acids

Preliminary experiments were carried out in an effort to gain
sone insight into possible alternate methods of syntheses of these acids.

(l) 1,4-Phenylene-Bis{methyl-
phosphonic Acid) (xxzx) (1945-49)

’ A chlorobenzene solution containlng an uwnknown quantity
of 1 h-bis(methylphosphino)benzene-bls(borane) (XXVIII) was first treated with
- cold concentrated hydrochloric acid., After 1 hr. on a steam bath, the
mixture was concentrated at reduced pressure nearly to dryness before T5 ml,
of methanol was added. After distillation to remove methyl borate-methanol
azeotrope, the excess methanol was removed to give a tacky, pale greenish-
white residue. Attempted crystallization from isopropyl alcohol resulted in
the isolation of a white solid melting over the range 180-192°C. (reportedlS
for XXIX, m.p. 231-236°C. after four recrystallizations from ethanol). The
-infrared spectrum of this crude acid was, however, similar to ‘that for the
‘previously prepared material. 15 A
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(2) A‘c‘bempted Synthesis of 1 ll--Phenylene— 0
bls(phenyl.;phosphonlc Ac:.d) (XXVII) (19)-L5—1L9)

‘ . The dlstlllates o'bta:n.ned from ’che llth:.um cleavage of
1 )+-b1s(dlphenylphosph:;_no)'benzene (Iva)** were combined, slurried in water,
and treated with lodic acid solution. The resulting by-product iodine was
removed by means of sublimation on a steam bath., The oil slowly darkened on
- successive treatments with the iodic acid solution. Addition of hydroiodic
. acid, after it appeared that no further iodine was being formed, caused :
-additional iodine formation., However, only a brown, tacky residue was
obtained. Initial attempts to recover XXVII were not successful; however s
~ the res1dues were re‘calned for further study at a later date.

‘ :E‘ P—HexamethL-B , 4d1bromo‘cr1borophane (xt) (1935-30)

To 11,08 g. (0.05 mole) P-hexamethyltriborophane (XXXIX) in
100 ml. of stirred benzene was added 18.69 g. (0.105 mole) of N-bromo-
“succinimide in powder form. The reaction was maintained at room temperature .
in a water bath for 5 hrs. . The solvent was evaporated under a stream of ‘
nitrogen and the residue was triturated with water to remove the succinimide.
The remaining solids were filtered and vacuum dried, yielding 18.5 g. of
vhite, crystalline powder which contained 90% dibromo and 8.4% monobromotri-
'borophane by VPC analysis. ‘A recrystallization from isohexane, and several
subsequent recrystallizations from methanol yielded 7.2 g. of white crystals,
-mp. 127-129°C., (1it.28 m.p. 126,5-128.5°C.) representing 38% of theory. f
M.W.: 379 (caled); 356 (Neumayer). This material was 1nd_1ca:l:ed to be 99,0
‘dlbromotrl'borophane by wvapor phase chromatography , o

B Atterrmted Preparatlon N N-Dlme‘bhyl-h- : o
Ldlpheny _phosphlno)dlpheny jhosphonamde (XVIII) (1945-18)

: - To 2.25 g. (0.0926 g-atom) of magnesium. 'burnlngs and 60 ml.
of tetrahydrofuran was added 100 ml. of a solution of tetrahydrofuran and
31.6 g. (0.026 mole) of L-bromophenyldiphenylphosphine (IX).  As there was

-~ - no evidence of reaction after 2 hrs. at reflux, a small-crystal of iodine

was added to the reaction mixture.- The resulting black-colored mixture was
" refluxed for 20 hrs. and cooled to room temperature before the addition of
-18.8 g. (0.0926 mole) of phenyl-N,N-dimethylaminophosphonyl chloride dissolved
in 30 ml. of tetrahydrofuran was begun. However, it appeared that there was
an excessive amount of unreacted megnesium still present after this prolonged -
reflux period. The addition of the phosphonyl chloride was not exothermic
and did not cause the black color to dissipate. After 2 hrs. at reflux and
. 64 hrs. at ambient temperature the color had become brown. Approximately
20 ml. of saturated amonium chloride solution was added (only slight '
"exotherm) to the mixture. The resulting white solids were removed by
- filtration, washed with ether, and dried 'before an infrared examlnatlon
‘ ;showed tha’c 'bhey wiere only salts. o : -

: Concentre:b:.on of the orgam.c pha.se at reduced pressure gave a
o ,’orown-colored, tacky res1due which foamed badly during the concentration. ;
= Further d.ry:n.ng at lO" -, gave a frlable 5 pa.le-yellow colored SOlld wha.ch :
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melted incompletely over the range 54-300°C, Infrared examination revealed
only the expected absorptions - P-O at 8.5p, ArP-0 at 8.9p, P-N(CHz)- at
10.45-10.5u, and 1,k-disubstituted aromatic at 12.1-12.15u., Attempted
crystallization of this friable material from s varlety of organic solvents
only resulted in the formation of gums. :

Hydroly51s in aqueous base and acid resulted in the liberation
- of dlmethylamlne but the resulting material was only very slightly soluble in
sodium hydroxide solution. Since these combined results obtained suggested
strongly that the Grignard formation was poor or dld not proceed at all, this
-experiment was termlnated

2. Preparation of Bis-Tertiary Phosphines

a. 1 hJBls(dlphenylphosnhlno)benzene (IVa)

(1) Runs 1935-17 ,23

To the di-Grignard prepared from 118 g. (0.5 mole) of
p-dibromobenzene and 24.3 g. (1 g-atom) of magnesium in 1500 ml. of tetrahydro-
furan (12 hrs. at reflux) was slowly added 243 g. (1.1 mole) of diphenylchloro-
phosphine and 500 ml. of tetrahydrofuran. During the addition (about 1 hr.)
the reaction temperature was held at 15-20°C. by means of an ice-weter bath.
The clear, yellow-colored mixture was refluxed for 1 hr., and then cooled to
-room temperature before 200 ml. of saturated ammonium chloride solution was
" added. The tetrahydrofuran phase was decanted from the white solids and
concentrated on & Rinco evaporator to give a yellow, tacky residue. After
digestion with isopropyl alcohol, the white, crude product weighed 125 g.

- (0.28 mole, 56% yield) and melted over the range 156-170°C. Approximately
one-half of the crude product was recrystallized from benzene-methanol to give
49 g. of white, crystalline 1,4-bis(diphenylphosphino)benzene, m.p. 165.5-
167°C. Work-up of the mother liquors yielded 11 g. of very impure material,
m.p. 170-190°C. Infrared examination of the pure product indicated as a
result the disappearance of the absorption at 8.5p that the majority of any
~oxide contaminate-had been removed. The second, wide melting range material
gontained a con51derable amount of oxlde as evidenced by the P-O agbsorption at
Sk, :

Addltional qpantltles of previously prepared 1,4-bis-
(diphenylphosphlno)benzene were recrystallized in a similar manner which
resulted in an 82% recovery of the bis-tertiary phosphine, m.p. 166-169°C.
" Again the residues showed a strong P-O absorption in the infrared.

(2) Run 1935-61

Follow1ng the inverse Grignard procedure successfully
used for the preparation of bromophenyldiphenylphosphines from p-dibromobenzene
(see below), 24.3 g. (1.0 g-atom) of magnesium turnings were edded, in small
portions over a two-hour addition period, to 118 g. (0.5 mole) of p-dibromo-
benzene dissolved in 800 ml. of tetrahydrofuran. The initial reaction was
exothermic and caused spontaneous reflux for the first hour of the addition,
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‘after whlch external heatlng vas needed to malntaln reflux. After 5 hrs. at .

reflux, the mixture was cooled and subsequent addition of 220.6 g. (1 mole)
- 'of dlphenyldhlorophosphlne dissolved in 300 ml. of tetrahydrofursan was .
' carried out at 20°C. with external coollng. ‘The reactlon mlxture Was ‘
;refluxed for lw hrs. to complete the reactlon. _ . :

Addltlon of 180 ml. of saturated ammonlum chlorlde
solutlon caused the Precipitation of a granular solid which was then
removed by filtration. From the organic phase were isolated 4bt.0 g. of

- bis-tertiary phosphine, melting at 164-166°C. and a second erop of greenish- ”¢ 1?;
white colored solids melting at 165-167°C.  Thé combined yield was only 26. 6%"tff_

~wh1ch is con51derebly below the average 50 60p ylelds obtalned prev1ously.

‘”gf bk h’-Bls(dlphenylphosphlno)blphenyl (II)

(1) From L h'-Dlllthloblphenyl

(2)  Run 1887-272

R B A 234 3 g quantity of a ‘benzene slurry of 4,47
v’dlllthloblphenyl assumed to contain 0.105 mole of the dlllthloblphenyl, was
siphoned into a 500 ml. Morton flask fitted with a mechanical stirrer, -
condenser, thermometer, and dropping funnel. Dlphenylchlorophosphlne,

54,8 g. (0.249 mole, 18p excess) dissolved in 75 ml. of benzene was added

- over 20 minutes to the slurry. A reaction temperature of approximately 40°C,
was maintained by means of an external ice-water bath. The reaction was then
- allowed to stir at room temperature briefly before it was refluxed for 2
hmm& o ~

- ‘The reaction mixture was concentrated using a
Rinco evaporator at water aspirator pressure to yield s yellow-brown, tacky
residue. -Trituration with methanol, filtration, and washing with dilute =
ammonium hydroxide resulted in the recovery of 47.0 g. (0.0076 mole, 85.6%
:f"ylelﬂ) of crude, pale-yellow colored 4 h’-bls(dlphenylphosphlno)blphenyl

m.p. 175 185°C. L , | |

e

Recrystalllzation from benzene ethanol gave a whlte

preclpltate whlch softened at 186°C. and melted at 191-192°C. while a second "1 e

 recrystallization resulted in a melting point of 190-192°C. A molecular
- weight velue of 518 (theory, 522) ‘was obtalned for: materlal from the flrst o
'crystalllzatlon. , - O

() Run 1887 175

In & second preparatlon, 265 6 g. of the benzene .

: ‘>slurry of 4 h’-dlllthldbrphenyl “assumed to contain 0.17 mole of the blphenyi’nr{;ﬁ‘f
- derivative, reacted as sbove with T5 g (61.5 ml., 0.3k mole) of diphenyl- - '+

‘chlorophosphine dissolved in 50 ml. of benzene. ~In this run, however, the
© -reaction was held at 25 28’0. durlng the addltlon of the chlorophoephlne

: (25 min, ).

‘After-stirring for 6h:hrs.‘“underfé;rgOn;'the'solventl




was removed at reduced pressure to give a browm, tacky residue. ter
digestion with methanol and with ethyl acetate, 70.7 g. (0.135 mole, T79.4%
yield) of pale-yellow colored bis~tertiary phosphine was isolated. Crystal-
lization of an analytical sample from ethylene glycol dimethyl ether
resulted in white, crystalline k4 h’-bis(dlphenylphosphino)biphenyl (11),

m. p. 191 193°C. Anal, caled. for CgeHagPn: €, 82.Th; H, 5.40; P, 11.85.
Found: 8251H592,P 11k,

' . When the purification of a larger quantity of the
- erude product vas attempted using a different quantity of ethylene glycol
dimethyl ether and Norite A, a white powder which was no longer soluble in
hot ethylene glycol dimethyl ether, m.p. ~ 290°C., was isolated. Infrared
examination of this material indicated that it was more than likely the bis-
.oxide as evidenced by a strong, sharp infrared absorption at 8.5p. The
recrystallization solvent was then tested for perox1de and found to be highly
contaminated (starch iodide method).

Tdentification of the suspected bis-oxide was
carried out by oxidizing a small quantity of pure k4,4 ’-bis(diphenylphosphino)-
biphenyl (II) with 3% hydrogen peroxide in acetone. The white crystalline
bis-oxide IIa was recrystallized from ethanol and melted at 299-301.5°C.

Anal, caled. for CazgHogP20p: C, 77.97; H, 5.09; P, 11.17. Found: C, 77.6;
" ¥, 5.,08; P, 10.9. .The infrared spectrum of this material was identical to
-that dbtained from the previous, inadvertent oxidation of the bis-phosphine.

(e¢) Run 1887-171

In yet another run, approximately 224.6 g. (0.1 mole)
of the same slurry was reacted with 44,1 g. (0.2 mole) of diphenylchlorophosphine
dissolved in 60 ml. of benzene. The addition, without external cooling, was
initially exothermic with the reaction temperature raising to 60°C. - However,

., after only about 20 ml, of the chlorophosphine solution had been added, the

-~ reaction temperature began to drop., After two hrs., at reflux and removal of
“the solvent, attempted recrystallization of the residual yellow-colored

liquid from ethylene glycol dimethyl ether resulted in the recovery of only

. 6.6 g. of diphenylphosphonic acid, m.p. 193-195°C., mixture melting point with

‘ diphenylphosphonlc acid, 192 19&9 The infrared spectra were identical.

- (@) Run 19h5-26

Following the previously described procedure, a
slurry of 4 h’-dllithioblphenyl in benzene thought to contain 0,415 mole of
dilithio compound was reacted at 20-26°C. with 183 g. (0.83 mole) of diphenyl-
chlorophosphine, After removal of the solvent and digestion with methanol
end with dilute ammonium hydroxide solution, epproximately 122.2 g, (0.23hk
mole, 56.4% yileld) of pale-yellow colored 4,k’-bis(diphenylphosphino)biphenyl,
m. p. 188-193° C., was isolated. This material was further purified as needed. *
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m.p. 186- -lg17e. -

':‘(e)> Purlflcatlon of h 4/-Bis- Lo
' (dlphenylpho phlno)blphenyl (IL) (1887_183)'

. In order to obtaln colorless bls-tertlary phosphine
from the crude, yellow-colored products, it was sometlmes necessary to carry
out the following typical purification.. A 1T. 3 g. quantity of the crude

‘material was partially dissolved in 250 ml. of concentrated hydrochlorlc acid ”,Vi;f:

and filtered through ‘glass-wool on a mediwm por051ty glass sintered funnel.
" The filtrate was poured onto ice-water to prec1p1tate a white solld Afoer K
- filtration and washing with water and ethanol, 13.5 g. of white povder, '
M. P 185-190° C., was recovered. ' A mixture melting point w1th diphenyl-
phosphonic acid was 178-190°C. showing that thls material was mot impure
dlphenylphosphonlc acid. .The 1nfrared spectra were dlfferent as expected
' ’ : Further crystalllzatlon from a mlxture of tetra-
hydrofuran and methanol resulted in the recovery of crystalline 4,4’-bis-

. (3iphenylphosphino )biphenyl, m.p. 190.5-19%.5°C.  In view of the difficulties .

. of keeping the ethylene glycol. dimethyl ether peroxlde free, thls methanol-
tetrahydrofuran method is probably the more usefil. A second recrystal-
lization of the above white bis-phosphine from ethylene glycol dimethyl ether
(distilled from calcium hydride) gave an analytlcal sample, m.p. 192 5- l9h°C.
Anal. Found: C, 82.27; H, 5. 58 P, ll L, L ,

: e A second method which was also avallable for the
purlflcatlon of this bis-tertiary phosphine involved the use of column
-adsorption chromatography develqped for use w1th the bromophenyldlphenyl-
phosphines.—“ o L

B A 12 5 g. quantlty of crude, yellow-colored bls-
tertlary phosphlne, meltlng range 152-172°C., dissolved in 200 ml. of -
benzene was passed through a 600 x 15 mm. column of activated alumina. The
- ‘recoveréed white-colored powder, meltlng point 186- 191°C. , weighed 10.5 g.
(84,0% recovery). A second pass through the column of 6.0 g. of the white
powder resulted in only recovery of PRI 8. (73 3% recovery) of product

. ‘t~

(2) Attempted Preparatlon Via °
s L -Blphenylene di- Grlgnard e

"(a) Bun 1887- 152

A solutlon of 93. 6 g. (o 3 mole) of Practlcal grade”'“ g

4,4/ dibromobiphenyl (I) in 450 ml. of tetrahydrofuran (orange-colored

solutlon) was added (1.5 hrs,) to 14.6 g. (0.6 g-atom) of magnesium in BOOle ;
of refluxing tetrahydrofuran. The reaction mixture turned black during six .
“hours® reflux. Dlphenylchlorophosphlne, 1%2 g. (0.6 mole) dissolved in

. 375 ml. of tetrahydrofuran was added over 1.25 hrs. to the refluxing

Cai- Grlgnard mixture W1th the reactlon color changlng to an orange-brownvcolor.

’ After 2 5 hrs. addltlonal reflux, the reaction was
cooled to room temperature before 90 ‘ml. of saturated ammonlum chlorlde‘
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solution was added. The yellow tetrahydrofuran layer was decanted from the
granular white precipitate and concentrated on a Rinco evaporator using
‘water aspirator pressure. The resulting yellow, tacky residue was digested
with methanol to yield a yellow povder, m.p. 165-170°C. but not clear to
above 200°C. Solution of the yellow powder in concentrated hydrochloric

. acid was only partially successful as a yellow, insoluble oil separated which

could not be readily separated by filtration through glass-wool on a fine
porosity glass filter. Dilution with ice-water precipitated a white solid
intermixed with yellow solids which softened at 162-170°C. and melted at
175-180°C. to a clear yellow liguid. Infrared spectra of both the yellow
and white-yellow solids were similar with the yellow solids having somewhat
more P-O absorption at 8.L48u.

Recrystallization of the white-yellow solids from
ethylene glycol dlmethyl ether and activated charcoal resulted in the
-isolation of a white powder, m.p. 183-191°C. Recrystallization of another
sample from tetrahydrofuran and methanol gave pale-yellow crystals,
m.p. 180-185°C. As a result of the grossly impure nature of the reaction
solids, work on this preparation was. discontinued.

(v) Runs 1887-158 and 160

In a repetition of the prev1ous experiment,
recrystalllzed L,k ’-dibranobiphenyl (I) was used instead of the practical
grade material for use in the preparation of the di~Grignard. After 15 hrs.
at reflux and stirring for an additional 6k hrs., it appeared that little
reaction had occurred. The solvent was decanted from the magnesium and
_concentrated to yield T76.3 (0.24) mole) of L,k4’-dibromobiphenyl (I),
m.p. 164-166°C. and 8.4 g. %b 027 mole) of impure dibromide for a 90.5% recovery
of the starting material.

In a similar attempted preparation, a 50 ml. portion
of the tetrahydrofuran solution of the dibromide and the magnesium were
. strongly refluxed in the presence of several crystals of iodine wntil the
purple color had dissipated. The remaining dibromide solution and 300 ml. of
solvent were added and the mixture was refluxed for three 8-hr periods.

Again no reaction had taken place as evidenced by
the clear nature of the reaction solvent and the presence of the magnesium
turnings. Approximately 80.7 g. (0.259 mole, 86.3% recovery) of k4,k4’-
dibromobiphenyl (I), m.p. 163-166°C. was recovered.

() Runs 1935-5 9 and 13

A 15.6 g. (0.05 mole) quantity of the 4,4’-dibromo-
biphenyl (I) was reacted at reflux with 2.4 g. (0.1 g-atom) of magnesium
turnings in 165 ml. of tetrahydrofuran for 10 hrs. Diphenylchlorophosphine,
22 g. (0.1 mole, 18.3 ml.) was added and the mixture refluxed for only 1 hr.
After the addition of saturated ammonium chloride solution, separation and
concentration of the solvent, attempted solidification of the yellow,

jh




© semi-solid re51due with varlous solvents was unsuccessful Attempted

“solution in concentrated hydrochlorlc acid and dilution in- 1ce-water
precipitated only a small quantlty of a tacky, white solld Thls

: eXperlment was dlscontlnued : ERTER

- oL A second slmllar run vas 1n1t1ated, dlfferlng only

in that hO mesh magnes1um powder was used-and the mixture was refluxed

20 hrs. instead of 10 hrs. WVork-up gave 7.5 g. of a yellow powder, m.p.
170-180°C. ' Solution in concentrated hydrochloric acid and filtration

‘followed by dilution of the filtrate with ice-water precipitated a white
solid which was further washed with water, dilute ammonium hydrox1de and

- ethanol, -Recrystallization from- tetrahydrofuran and methanol ylelded h g.
of sllghtly yellow powder, m.p. 188 190°C. . .

.

A third run again u51ng mavnes1um turnlngs and the
same qyantltles of reactants except that 500 ml. of solvent was used. After
20 hrs. of reflux and the usual work-up, the yellow solids were found to be
mostly insoluble in concentrated hydrochloric acid. While soluble in tetra-
- hydrofuran and ethylene glycol dimethyl ether, it was dgifficult to
reprecipitate them once in solution. The melting point .range was 240- 320°C.
which implied the presence of ox1de. Infrared examination showed a strong
P-0 absorptlon at 8.51. . ' o

44(d)‘ Run 11887-161

SR : ~ In this attempted preparatlon, 18 T g. (O 06 mole)
of Y, i -dibromoblphenyl (I) and 2.9 g. (0.12 g-atom) of magnesium turnings

“were refluxed in 180 ml, of p-dioxane for 20 hrs. Several crystals of 1od1ne
were added at the beginning to help initiate the reaction. - However, no

‘evidence of reaction was observed and 16,9 g. (0.05L2 mole; 90 h%) of the

: startlng dlbromlde I, m,p. 165 166°C., was recovered

(3) Attempted Preparatlon via
o thhlum Dlphenylphosphlde

;(a)« “Run 1887- 163

. ' o FollOW1ng the prev1ously descrlbed method 4 26,2 g,
,(O 1 mole) of trlphenylphosphlne was cleaved by 1.4 g. (0.2 g-atom) of
lithium in 125 ml. of tetrahydrofuran and 9.3 g. (0.1 mole) of t-butyl
chlorlde was ‘used to destroy the resultlng phenyl llthlum. .

: A solutlon of 15 5 8. (O 05 mole) of h h’-dibromob14
phenyl (I) dissolved in 90 ml. of tetrahydrofuran was added to the gently
refluxing, red-colored llthlum diphenylphosphide solution. After only about
30 ml, of the dibromide’ ‘solution had been added, the reaction mixture became
- dirty-brown colored and at the completlon of the addltion, the mlxture Was
black in color. ' e R L
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A.'f‘ter 2.5 hrs. at reflux, 5 ml of water and 5 ml.
of methanol were added which caused a slight exotherm and a small amount of
precipitate to form. The solid was removed and the yellow-brown tetrahydro-
furan phase was concentrated at reduced pressure. The resulting brown gum
‘dissolved in concentrated hydrochloric acid but when poured into ice, only
an oil separated.  In retrospect, this oil may have been p-bromophenyldl-
phenylphosphine (IX). . ,

~ (b) Run 1887-167

In a similar manner, a second cleavage run was
carried out except that an excess of the lithium diphenylphosphide was
provided for by using only 0.06 mole (18.7 g.) of k,4’-dibromobiphenyl (I)
for 0.125 mole of t}'iphenylphosphlne. }

: The reaction mixture was concentrated at reduced
“pressure to yield a yellow oil from which only e small quantity of u4,4’-
dibramobiphenyl (I) (2.6 g.) mp. 163-166°C., was recovered on digestion with
methanol and water.

(e) Run 1887-169

In the third attempt, 47.2 g. (0.18 mole) of
triphenylphosphine was cleaved by means of 2.5 g. (0.36 g-atom) of lithium
- metal in 125 ml., of tetrahydrofuran. The phenyl lithium was destroyed with
16.7 g. (0.18 mole) of tertiary butyl chloride before 18.7 g. (0.06 mole)
of solid 4,4’-dibromobiphenyl (I) was added in three portions to the reaction
mixture at ambient temperasture. These additions resulted in a reaction
temperature increase to 50°C. and the formation of a brown color.

‘ ) One hundred ml. of methanol was added to the
reaction after 2 hrs. at reflux. One portion (~ 90 ml.) of the clear, yellow-
_colored reaction mixture was concentrated to give an off-vhite solid residue.
The residue was dissolved -in concentrated hydrochloric acid, filtered and
- poured into 225 ml. of water. The resulting yellow oil was digested with
methanol and acetone to yield 1.5 g. of a white solid, f.p. 152-172°C. An
additional 5.4 g., m.p. 140-150°C., was recovered from the methanol-acetone
mo‘cher liquors. ' . ,

. -Water was added to the remalnlng reaction mixture
to precipitate a yellow oil. Digestion of the o0il separated 1.9 g. of a
waxy solid, m.p. 125-155° C. .

(h) Attempted Preparation via 4,4’-Bis-
- (diazonium fluoroborate )blphenyl (VI_) (1943-37 and 39)

: A mixture of 28.5 g. (0. 15)4- mole) of commerclal benzidine
end 90 ml. of concentrated hydrochloric acid was placed in a 300 ml. round-
bottom flask and warmed on a hot water bath for one howur with stirring. The
flask was then equipped with an addition funnel and cooled with stirring to
-5°C. . in an ice-salt bath. When this temperature had been reached, 25.4 g
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. (0.368 mole) of sodium nitrite in 100 ml, of water was added. The

© . ‘temperature was held at about 10°C. The pale-yellow solids were filtered
.. " through a Buchner furmel with suction. The filter cake was washed with
" 50 ml. cold water, 50 ml., cold methanol, and 50 ml. cold ethyl ether; the

. The yield vas 50 0 g. (0. 131 mole) or 85% based on benzidine-ae

SR fu.nnel, condenser, and magnesium powder delivery device, 25.0 g. (0.065 mole)
" of 4,h’-pis(diazonium fluoroborate)biphenyl and 0.9 g. of cuprous chloride
~ - were suspended in 180 ml. of anhydrous ethyl acetate. ' The sus_pension was

© stirred vigorously under nitrogen for 5 minutes. The gas was shut off and &

the volume of nitrogen gas evolved. To this mixture, 28.8 g. (0.131 mole)
A diphenylchlorophosphine vhich was already in the addition funnel was added .
- glowly. No significant volume of ‘nitrogen gas was evolved until the bath

acetate. After the evaluation reached 50% in b} hrs., the rate begen to
- level off. After 13 hrs. a total of 2315.5 ml. of nitrogen gas at sta:adard

. magnesmn powder,.S 18 g. (0.131 mole), was added slowly through the add:.tioﬂ
.device. 8ince there was no evidence of an exothermic reaction, the reaction

e removed at reduced pressure to yield a dark-brown colored residue. To this

cleavage to taeke place and a red color to form. . The reaction temperature 'f :

- temperature was kept below -5°C. during the addition. To this cold diazonitnn
chloride mixture was added 150 ml, 50% cold hydrofluorcboric acid and the

" .cake was sucked as dry as possible between washings. The washed solids were L
‘then dried in a vacuum dessicator over concentra.ted sulfuric acid overnight. :

In & 500 ml. three-necked flask equipped with an addition

tube was connected from the condenser to a gas collection apparatus to measure

temperature had been increased to T7°C., the refluxed temperature of ethyl

T condition vas collected which is equivalent to 78. 9% conversion.

The flask was then cooled to room temperature before

temperature was again brought up to T7°C. for lﬂ; hrs. Excess solvent was then

- residue, 200 ml. tetrahydrofuran was added before the mixture was heated on a
- steam bath for 30 mins. The mixture was cooled and filtered before 150 ml.
~.of cold saturated ammonium chloride solution was added. The tetrahydrofuran
" phase was separated and methanol was added to it in an attempt to precipitate
* the product bis-tertiary phosphine. Only about 1 g. of a tan powder which
. had a decomposition point of approximately 205° C. was isolated, It could not
" be recrystallized to allow identification. ‘ o T

f[c. " Attenpted Sy'nthesis of 1,3 Bis-
jdiphenylghosphine)_enzene (Tvp) (19l+3 5)

g U Ina thoroughly dry system £illed with argon were placed 26.2 g.‘ .
(o 1 mole) of triphenylphosphine and 1.k g. (0.2 g-atom) of lithium pieces.
. Approximately 150 ml. of tetrahydrofuran was slowly added causing the

. inecreased to 40-45°C. and was held at this temperature for 8 hrs. or until all .
. the lithium had reacted. By-product phenyl lithium was destroyed by the = -
addition; at 20°C., of 9.3 e (0.1 mole) of t-'butyl chloride after which the
V.f,»reaction was held at reflux for 0.5 e s G

S The reaction mixture was then cooled to 20° c. 'beforethef
addit:.on oi‘ 12.0 g (0.05 mole) 1,3-dibromobenzene ‘was carried oxrt.’ : After




2 hrs, at reflux, the mixture was concentrated at reduced pressure to yield

a yellov-green viscous residue. After trituration with cold methanol 12.0 g.
of a vhite powder, melting over the range 125-130°C. was isolate Subll-
mation at 135°C. and 10-2 mm, yielded a white solid melting at ll6 118°¢.
Anal, caled, for CgoHosPo:r P, 13.82, Found: P, 16.50. Both fractions

were found by infrared.spectroscopy to contain considerable P-0 materials

-as evidenced by the presence of strong absorptions at 8.h5p and 8.95u.

An edditional 1,2 g, of solids melting at 160-170°C. were recovered by
"diluting the acetone with water.

Two additional runs gave similar yellow oils which yielded a
variety of solids having varied melting point ranges. Work was discontinued
on this approach as a result, '

: From the residues remainlng from the attempted preparation
of IVb via the meta-lerlgnard was recovered at 100°C. and 0.1 mm. a
-quantity of diphenylphosphine (n§% 1.6263). The infrared spectrum and index
of refraction were identical to those of authentic diphenylphosphine.

_ d. Att poed Synthesis of Bis-Tertisry Phosphites

(1) - From Hydroquinone (1935-68)

Into a thoroughly dry flask and under an inert atmosphere,

- were introduced 61,3 ml. of diphenylchlorophosphine (0.30 moles), 26.9 ml.

of pyridine (0.30 moles), and 40O ml. of toluene., The flask was cooled by an
ice bath to ~ 10°C. before one-quarter of the slurry of 16.5 g. (0.15 moles)
of hydroquinone in 125 ml, of toluene was added. After stirring for 1.5 hrs.
no visual or physical evidence of a reaction was noticed. The remaining

- 'slurry was added and the mixture brought to reflux for 3.5 hrs., at which
time a light-yellow color was noted in both the liquid and solid portions of
the reaction. Reflux was continued for an additional 3.5 hrs.

An aliquot of the organic phase was washed with dilute
NH,OH and rinsed with Hz20, causing the formation of a white precipitate.
Concentration of the organic phase at reduced pressure left an off-white
povder of m,p., 118-130°C. Recrystallization from toluene /ether yielded white
needles, m:p. 134.5-137°C. ' The remainder of the organic phase was concentrated
at reduced pressure to yield 66.2 g. crude material. Infrared examination of
the solids revealed an extremely complex spectrum containing absorptlons due
to P-O POAr, and also ‘apparently hydrolytic products.

‘ When these crude solids were slurried in methanol, and
then heated, the solids went into solution, which then turned bright yellow.,
Concentration at reduced pressure, addition of toluene, removal of excess
water on a Dean-Stark trap, and reconcentration at reduced pressure yielded
an oily, yellow, sticky mass vhich refused to solidify. A portion washed
with acetone yielded a white powder, m.p. 185.5-190.5°C., with an infrared
spictrum 1dent1cal to that of diphenylphosphonlc acid vhich melts at 192-
19 °Co T . .
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. Upon prolonged expOSure to alr, the crude sollds, m.p.
- 118-130°C., were discovered to have altered to m.p. 100-110°C, Attempted
recrystallizations ylelded only products w1th w1de meltlng ranges and complex
infrared spectra. o

(2) From Resorc1nol

An experlment st01chlometr1cally 1dent1cal to the above,
‘except u51ng resorcinol instead of the hydroquinone was attempted.
 Concentration of the organic phase at reduced pressure again yielded a
“yellow, oily mass similar to the hydroguinone reactlon. BOth lines of
investigation were temporarily abandoned. : ‘ :

e. 1, h Bls(dlmethygphogphlno)benzene (III) (l9h3 140)

To the’ Grlgnard solutlon of methyl magnesium brom1de, prepared
from 11.2 g. (0.46 mole) of magnesium turnings and 43.6 g. (0.46 mole) of
methyl bromide in 250 ml. of tetrahydrofuran at 30°C., was slowly added
25 g. (0.13 mole) of 1,k-bis{dichlorophosphino)benzene® dissolved in 82 ml.
of tetrahydrofuran. The reaction temperature was held at or below 5°C.
‘during the addition. After warmlng to room temperature, the mixture was
filtered before the solvent was removed at reduced pressure. The hydrolysis

of the magnesium hallde-phosphlne complex by means of a saturated solution of

. ammonium chloride was 1nadveruently omltted and partially explains the
'extremely low yleld of product ‘ : ‘
Dlstlllatlon of the dark-colored res1due at 10-3 mm., of
pressure was accomplished at a bath temperature of 80°C. to give sbout 5 g.
~of colorless III. The liquid III had an infrared spectrum with absorptions
due to P-aryl at 6.99 and 9.98u, possibly P-CHs at 7. 75@, and para-
substltutlon at 12,45p,

: o Anal: calcd. for CioHiePz: C, 60.60; H, 8.14; P, 31.26;
M.W., 198.2, -Found: P, 29.2; M.W., 193.1; ng0 1,6021.

‘A bis-boron tribromide adduct’ was prepared by adding an
‘excess quantity of boron tribromide to a petroleum ether solution of 1, h-bis-
~  (@imethylphosphino)benzene at -T8°C. The isolated bis-tribromoborane, a
- vhite powder, melted at about 305 to 315° C. (dec. ). o o

D Anal calcd for CloﬂleBgBrng ‘ B, 3.09, Br, 68 6 P, 8 86
B/P/Br ratio = 1:1: 3  Pound: B, 3.11; Br, 67.9; P, 9.26; B/P/Br ratio =

k;ro;59J




3. Preparation of Monosubstituted Triphenylphosphines

a. }i-Bromophenyldichlorophosphine (XI) (1943-58)

Into a two-necked 500 ml. flask equipped with addition
funnel and condenser vere placed excess phosphorus trichloride (62.9 g. or
0.457 mole), 0.70 g. of cuprous chloride and 100 ml. of ethyl acetate. In
the addition funnel 34.0 g. (0.125 mole) of p-bromophenyl diazonium
fluoroborate and 200 ml. ethyl acetate were placed. The solution under a
nitrogen atmosphere was then brought to reflux temperature by means of a
hot water bath. The purge nitrogen was shut off and a tube was connected
between the condenser and a gas collection gpparatus. Into this hot
solution was slowly added with stirring the diazoniwm fluoroborate suspended
‘in ethyl acetate which resulted in the rapid evolution of nitrogen. The
- total volume of nitrogen evolved, calculated at standard condition, was
2368 ml. as compared to the theoretical volume of 2800 ml. which was an
84.5% conversion.  The reaction mixture was cooled to room temperature
before 3.0L g. of magnesium turnings (0.125 mole) were added in four portions
with vigorous stirring. Upon addition of the magnesium turnings, solids
settled out from the wine-colored liquid. The condenser and dropping funnel
were discomnected and the flask was connected through a Dry Ice trap to a
water aspirator to remove solvent and the ethyl acetate-boron trifluoride
complex. To this residue were added 38.0 g. of freshly distilled phosphorus
oxychloride and 250 ml. of benzene. The mixture was transferred under
nitrogen gas pressure to a 500 ml. flask where it was continuously
extracted with benzene for 8 hrs. The benzene was filtered and then concen-
trated at reduced pressure to yield a dark-brown colored viscous liquid.
This residue was vacuum distilled to yield 4.16 g. of pale-yellow liquid
boiling at 55-60°C./0.7 mm. Hg. The yield was 12.8%; nf® 1.5382; M.W.
(determined by Neumeyer method) 228; M.W. (calculated) 257.9.

b.  Preparation of p-Bromophenyl Diazonium Fluorcborate (1943-54)

x)

' In a 300 ml. 3-necked, round-bottom flask 50.0 g. (0.29 mole)
of p-bromoaniline and 145 cec. (50%) of fluoroboric acid were mixed. The
mixture, a cream-colored paste, was cooled to -5°C. in an ice-salt bath with
stirring.. To this mixture 22.62 g. (0.328 mole) of sodium nitrite in 45 ml.
of water was slowly introduced through an addition funnel while the reaction
- temperature ‘was held below 0°C. with vigorous stirring. After the addition
vas completed, the ice-salt bath was removed and the mixture was warmed to
room temperature with stirring for 30 mins. The solid formed was collected
by filtering through a Buchner funnel with suction. The cake was washed
first with 50 ml. of 50% cold fluoroboric acid, then three times with 50 ml.
of cold ethanol and, finally, four times with cold 50 ml. portions of ethyl
ether., The cake was sucked as dry as possible between washings. It was
dried in a vacuum dessicator over concentrated sulfuric acid overnight. The
yield of X was 68.0 g. (0.25 mole) or 86% based on p-bromoaniline.3

o)




c. Q—Bromophenyldlphenylphosphlne (XI) (1935 35,57,39)

(1) Normal Grlgnard Procedure

- , A solutlon of 118 g. (O 5 mole) of p dlbromobenzene in
500 ml. of tetrahydrofuran vas added to 12.1 g. (0.5 g-atom) of magnesium

'f) with the reaction begimning immediately. - Since ‘after several hours at refluk,

excess magnesium turnings were still present, an additional 12 g. (0.05
- mole, MD% excess) of p-dibromobenzene was added to the reaction mixture.

v.»Yellow-green solids were noted in the reactlon mixture after 8 hrs. at
Creflux.- i : ‘ . : ST

To the above Grignard mlxture was slowly added 10k g.

(o. h? mole) of distilled diphenylchlorophosphine so that the reaction
temperature could be held at about 20°C. by means of an ice bath. The

reaction was refluxed for 2 hrs., cooled to room temperature, and sufficient
saturated ammonium chloride solution was added to form a granular precipitate. -
The yellow tetrahydrofuran was decanted and concentrated on a Rinco evaporator

 ‘using aspirator pressure to yield a light-brown colored liquid residue.

Attempts to solidify this residue were not successful. The residue was,
however, partially dissolved in concentrated hydrochlorlc acid which on
 dilution with ice-water precipitated a tacky, white material. Digestion and
extraction with ethanol resulted in the isolation of a white solid melting at =~
162-164°C. which was suspected to be 1,4-bis(diphenylphosphino)benzene. A
mixture melting point with authentic 1 h-bls(dlphenylphosphlno)benzene was
164-167°C. and a molecular weight determination gave a value of 427 (theory,
446.5). Concentration of the ethanol extracts yielded a yellow-green liquid
which solidified on standing overnight to semi-crystalline mass. This was

: retalned for study at a later dame Lsee below 3 c.(2)] ‘

(2) Inverse Grlgnard Procedure

» , To 118 g (O 5 mole) of p- dlbromobenzene dlssolved in
500 nl. of tetrahydrofuran at ambient temperature was added over 4 hrs. -small
increments of the magnesium turnlngs (12.1 g., 0.5 g-aiom) Although the
mixture turned dark-green in color, no solids or magnes1um turnlngs were
observed. S e : ;

Addltlon of 332 9 g. (O h65 mole) of dlphenylchloro-

phosphlne and workup as described sbove yielded a yellow syrup, nf° 1. 6666
During the distillation of a small sample (3 ml.) of this liquid at 10~* mm.,
an initial sublimate was dbserved at about 90-100°C. (oil bath temperature)
and was assumed t0O be excess p-dibromobenzene. It was sublimed from the
distillation apparatus before continuing the distillation. A colorless,
viscous distillate was then obtained at an oil bath temperature of 165-175°C.
at approximately 10-2 mm. of pressure. Anal. calcd. for CleHléBr .Br, 23. h2, X
P, 9.08; M.W., 341,2, Found: Br, 22.9; P, 9.04; M.W., 329; n3° 1. 671Ll After .
standlng for 36 hrs., the distillate Solldlfled to a white, waXy solid. o
Infrared comparison of the distillate with the crude, yellow oil showved
'fessentlally the same spectra buu with less P-O and a sharper spectrum for the




distilled p-bromophenyldiphenylphosphine,

The remaining oil was dissolved in ether, filtered to
separate a tan powder which was moisture sensitive, and then the ether was
concentrated on g Rinco evaporator at reduced pressure. The oily residue
was attached to a vacuum system at about 0.5 mm. pressure and heated in
boiling water to remove excess p-dibromobenzene. Infrared inspection of the
residual oil showed it to contain less P-0O gbsorviion and to have a generally
sharper spectrun. A molecular value of 313 was obtained for this liquid
residue. ter standing for 24 hrs., the yellow oil, 125.5 g. (0.368 mole,
T9. lp), solidified to a yellow-vhite crystalline mass.

In a similar manner, 11.4 g. (0.47 g- -aton) of magnesium
was added in portions to 130 g. (0.55 mole) of p-dibromobenzene in 600 ml. of
tetrahydrofuran. fThe addition of 101.9 g. (0.462 mole) of diphenylchloro-
phosphine to the Grignard solution was carried out at -10°C. After work-up,
extraction of the residual oil with ether precipitated 40.9 g. of the tan,
moisture sensitive solids. After removal of the ether and excess p-dibromo-
benzene as described above, the yellow oil weighed 103.3 g. and slowly
solidified over a week to a yellow, semi-crystalline mass. Anal. Found:

Br, 22.2; P, 8.Th; M.W., 330; n%o 1,672k, Infrared examination indicated a
' congiderable'amount of P-0 material as evidenced by the increased absorption
at 8.30u.

‘ Further purification of the crude yellow solid was made
by adsorption chromatography on activated alumina. A large burette (215 ml.
. capacity) was filled to the 200 ml. mark with 190 g. of alumina which had
. been dried in an oven at 130°C. for 1.5 hrs. Hexane was used to fill the
column before 12 g. of the crude materisl dissolved in 10 ml. of benzene was
added. A l:1 benzene-hexane mixture was then used to elute the coluun and
the course of elution was followed by the index of refraction of the elutrate.
Fractions containing: (a) 1.8 g., (b) 6.3 g (n§** 8 1.668), (c) 0.5 &.,
and (d) 0.2 g. were isolated vhich is a 73.3% recovery. Fractions 1,2, and 3
solidified on s»andlng to white solids. Infrared examination of fraction 2
indicated the absence of absorptions due to any P-0 containing compounds.
Anal. Found: Br, 24.4; P, 7.05; M.W., 338. Fraction 2 melted over the range
63-67°C. An addltlonal hh 5 g. quantity of the crude product was then
dissolved in benzene and placed on the column and the column then was eluted
with 1:2 benzene-hexane. Fractions containing: (e) 15.8 g. (nf"® 1.6655),
(£) 10.3 g » and (g) 1.5 g. of pale-yellow oil were obtained. Thls corresponds
to only 62p recovery. Fractions e and b solidified to pale-yellow-white .
crystalline masses. These solids could then be crystallized from ethanol-
water to yield a white solid, m.p. T73-75°C. Anal. caled. for 018H14BrP
¢, 63.36; H, 4L 14, Found: C, 63.52; H, L34,

(3) synthesis from p-Bromophenyl-
&ichlorophosphine (X1) (1943-63)

Under & nitrogen atmosphere p-bromophenyldichloro-
phosphine (p-bromophenylphosphonous dichloride), 4.16 g. (0.016 mole), and
10 ml, of anhydrous ethyl ether were placed in a 250 ml. flask. Phenyl-
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magnesium bromide, T.25 g. in 15 ml. ether vas slowly added through an

 addition funnel. Although a slight exothermic reaction was observed, no

- cooling was necessary. - Some solid settled out during the addition. The
reaction mixture was cooled to roon temperature before saturated ammonium
chloride solution was added. After separation of the solids and extractlon
with ether, the organic extracts were dried over anhydrous sodiun sulfate
overnight. - The solvents were removed at reduced pressure to yield 2.1 g.
of white solid with a m.p. of 141-143°C. The infrared spectrum showed

absorption bands at 8.40p and 8.95u which suggested that the product was a N e

phosphine oxide. Thig spectrum was almost identical to that obtained for

- the p-bromophenyldiphenylphosphine oxide obtained in the previous experiment.
A molecular weight deuermlnatlon of 55h (theory, 357) conflnned uhat this
was the same ox1de.

&  3- Bromophenyld;phenylphosphlne (XV) (19)5 59 and l9h5-h6)

 To a solution of 66. 5 g. (O 282 mole) of m-dibromdbenzene and
: 250 ml of tetrahydrofuran were added small portions, over 2.5 hrs., of
6.8 g. (0.282 g-atom) of megnesium turnings. After 0.5 hr. at reflux, the

©  reaction mixture was cooled to room temperature to give a clear, dark-green

colored solution with all of the magnesium reacted. A solution of 62.3 g.

(0.282 mole) of diphenylchlorophosphine dissolved in 100 ml.' of tetrahydrofuran;‘Tltlff

- was then added slowly to the mono-Grignard solution. As the reaction :
-progressed, the color gradually turned to a light tan. The reaction mixture
was then refluxed for 1 hr. and cooled to room temperature before 50 ml. of

- saturated ammonium chloride solution was added. The organic phase was
‘separated from the solids and concentrated to give 100 g. of a brown-colored
.vllQUld residue (n 1. 6&&7) which dld not solldlfy on standlng.

A T.0 g. portlon of the oil was eluted through & colum of
aluming bg means of 1:2 benzene-hexane to yield 5.0 g." of turbid, colorless .
- liquid, np~ 1.6564k. Anal. caled. for CigliaBrP:  Br, 23, k2, P, 9.08; M.W.,

'1 341.2. Found: Br, 29.0; P, 8,43; M.W., 32k. = A second sample (~ 3 ml.) was
. . distilled in a mlcrodlstlllatlon apparatus at 165- 170°C. and 0.005 mm. to give

a colorless oil, n§° 1.6655. Anal. calcd for CygHi4BrP: C, 63.37; H, .1k,
Found: C, 64.01; H, k.54; Br, 22.7; P, 9.67; M.W.,. 333. The infrared spectra

-of both fractions were essentially 1dentlcal with the spectrum of the distilled l:f

"sample being somewhat more sharp. Neither of the spectra contalned
absorpulons which would appear to be due to P-0 absorptlon.

» , Further purlflcatlon of the yellow llquld re51due was attempted

by means of a distillation through a short Vigreau colum at about 0.01 mm.

* . of pressure. A 56.9 g. quantity of the crude material gave the follow1ng

. fractions: (1) 10.8 g. of colorless liquid, b.p. 37-38C., n$®"® 1.6055, which

was m-dibromobenzene (0.0458 mole, 16.2% of the starting m-dibrcmo?snzene), e

“(2) 1.b g to 96°; (3) 5.7 g, to 140°; (&) 9.2 g. ‘at 131-143°C., n 1.672k;
(5) 9.0 g. at 143-145°C., n§° 1.6738; and (6) 1.k g. at 143-173°C." A clear,

”brown—colored res1due whlch was very v1scous remalned in the dlstlllatlon flask.




rd

The infrared spectrum of fraction 1 was identical to that of
the starting m-dibromobenzene. Examination of fractions Ik and 5 by infrared
indicated very little P-O contamination. Analysis of fraction 5: calecd. for
016H14BrP: Br, 23.42; P, 9.08; M.W., 341.2, Found: Br, 22.5; P, 10.1;

M. W.,. 327,

, _ The distillation residue was also examined by infrared
spectroscopy which revealed strong absorptions associated with the P-O,
Attempted crystallization of this residue was not successful.

e..  Carbonation of MonoGrignard Reagents
from meta- and para-Dibromobenzene (1945-53,5L4)

In similar experiments, 11.8 g. (0.05 mole) of meta- and para-
dibromobenzene were dissolved in 80 ml. each of tetrahydrofuran under nitrogen.
Small portions of the magnesium turnings, 1.2 g. (0.05 mole), were added over
3.5 end 6 hrs., respectively. In each experiment there was noted an initial
formation of white solids (~ 5-10 min,) which then dissolved in the yellow-
brown colored reaction mixture.

The addition of small pieces of solid carbon dioxide resulted
in an exothermal reaction. This addition was continued until the reaction
had subsided. The solvent was removed af reduced pressure before 20 ml, of
water and 5 ml. of concentrated hydrochloric acid was added to the residual
" syrup. The resulting solids were filtered, washed with water, and vacuum
dried briefly at 100°C. (~ 0.5 hr.) and 0.5 mm., and then for 18 hrs. at
ambient temperature. In both runs, a strong odor of dibromobenzene was noted
and during the drying at 100°C., these starting materials sublimed and dis-
tilled to the cooler portions of the drying pistol.

The crude acids were then redissolved in a slight excess of

L -spdium hydroxide, treated with activated charcoal, filtered to remove any non-
- - basic fractions and reacidified with concentrated hydrochloriec acid to yield

voluminous precipitates. Pertinate data for these experiments are shown in
Taple I. The low bromine values and wide melting ranges point to a significant

TABLE I

ACIDS OBTAINED ON CARBONATION OF
MONOGRIGNARD REAGENTS OF DIBROMOEBENZENES

e

Yield of Melting Point % Bromine Melting Point of
Acid |Acia, % Found | Reported Found | Theory | Dicarboxylic Acids
[XVI a 78 | 2b0-260° | 251-25%° 34,1 | 39.75 | Terephthalic acid,
, , sublimes ~ 300°
XVI b 50 1h5-250° | 155° 32.6 | 39.75 |Isophthalic acid,
) , 312-314°

by




N conta.mlna.tlon ’by the benzened:l.ca:c"boxyllc a01ds result:.ng from dJ.Grlgnard
formation. sl

, 'The acid mlxtures"weré' then extracted with ether in an effort "
 to ‘separate the more soluble 'bromo‘benzo:Lc acids from the contaminating .
: phthallc ac:Lds XVI.La a.nd b. ‘The resul’cs are’ shown 1n Table II. Dur:mg the

L :TA‘.'BLE ‘II R S

- ACIDS OBTAINED VIA ETHER EXTRACTION

, Percent | . MP., °C. K Percent | Neutralization Equivalent|
Acid | Extracted R Fou'nd o | Bromine Found - Theory
XVIa | 8.1 | 251-53 but not clear| 37.5 | = 193 201
‘ \ ' ' to 285° , S ' ‘
XVI b 8 1h5-1so, solidified,| 35.1 | 18 ° | 201
o : remelted 155-195° ' S

‘drylng of vhe ether soluble acn.ds at 100°C.’ and 1 mm. - of pressure n.t was noted
that a very small quantity of a white sublimate was recovered, only enough for
melting point determinations. The melt ting range of roughly lO8-ll"(° C. would

- suggest that these sublimates might be benzoic acid. . Benzoic acid could resu.lt

from the partial hydrolysis of any diGrignard reagent’ formed during the R N
. carbonation. The possibility that these sublimates are, instead, bromophenols
. is ruled out beca.use of the:.r Very low melt:.ng po:.nts. I ;

f",,. S_eparatlon a.nd Purlflcatlon of Tert:.ary Phosph:mes

o A 100 mL. ‘burette ‘was £illed to the 100 ml. level with 80-200
L 'mesh act:.vated alumina which had beén oven-dried at 130° C. for 2 hrs. The

~colum was filled with n-hexane before the compound(s) in benzene was placed _r
~on the colunn. Initial -elution was with 1l:1 benzene-hexane, After the o
phosphine had ceased to be collected (v:.a index of refractlon), ‘che column
‘ *was stripped mth tetra.hydrofura.n or oenzene.~ el Sl




. TABLE III

~ . SEPARATION OF TERTIARY PHOSPHINES ON ALUMINA

Run Mixture | lst Recovery 2nd Recovery
1943-68 | 2.37 & (CeHs)aP : 2.20 g.” -
2.01 g (Cols)sP0° - 2.0 g.°
| 1943-71 | 2.0 & (Cells)aP” 2.0 g? -
2.0 g (Cells)aPS® - 2.0 g.%
a ' b
1943-74% | 2.0 g, (Cefs)aP 2.k g. -
2.0 g (CeHs)2P(0)NP(CeHs )a - ~ None

(a) Melting point 80-82.5°C; (b) melting point 79-90°C; (c) melting
p01nt 15k- 156°c, (a) melting point 160-161°C. -

. -4,  Preparation of Azides

a. Attempted Syn‘chems of P-Hexa-
nethyl—B,B’-dlaz1dotr1borqphane (XLI) (1955 3L )

A sllght excess of sodium azide, 0.78 g. (0.012 mole), was
 added at ambient temperature to a stirred solution of 1.9 g. (0.005 mole) of
. .P-hexamethyl-B,B’-dibromotriborophane (XL). At the end of 6 hrs., no azide
was indicated by infrared spectroscopy. The mixture was then stirred for

T2 hrs. at anbient temperature before & second infrared examination again

~ showed no sbsorption due to the azide function. After 4 hrs. at reflux, no
azide was again found in the infrared spectrum of the mixture but evolution
of a gas vas observed and was assumed to be nitrogen. The heating was
continued, however, with the -development of a yellow-orange color, now
observed. After T hrs., gas evolution had stopped at about 100 cc. and still
no azide absorptions were observed. These results suggest that decomposition
of the azide was occurring more rapidly than the substitution reaction. No
attempt was made at this time to identify the products of this unknown reaction.

L6




b.qk Preparation of Dxphenylphosphonyl
Azide in Solvents Other Than Pyrldlne (l9h5—28 29,30,31
- 1935- 6)

: ‘In’ sxmllar experlments, 2. 4 8. (O o1 mole of dlphenylphosphonyl
i chlorlde and 0. 8 g. (O 012 mole) of sodium azide were stlrred at ambient
' temperature in 35 ml., of solvent. The reaction was followed by observzng ‘
' the azide sbsorption at sbout 4 65u. And where approprlate, reaction with
'.ftrlphenylphosphlne was used to check the spectral evaluatlon. Do

TABLE IV

'AZIDE FORMATION IN VARIOUS SOLVENTS

Time | , Az1de Absorbance at h, 65u
ime ‘ — —5
Hrs, | 3,4-Lutidine | 2, 6-Lutidine” @-Picoline yuPicoline :

o e e s

2.5 f:"Trace 1. T?ace”" “ifo;h8 '[: f10,26 ;;

'hv ‘.‘: s ct A 7¥:Tface‘!vl ’. ¢.481 '1 VJ‘Q;A'
6 ';‘6.094"'  rrace 5_’;6;4§»1*~ / c.h75 “f
22 | oz | o 1 @ [
311 ”"9.33 B R vf;;ig; v -

Yield of d;phenylphosphonimidotrlphenylphosphorane- (a) 6h. 6%,
() 89.6% of brown-colored product (c) green-colored reaction
mixture, - o ;

e




(l) Hexamethylphosphorlc Triamide (1943-23,24)

A mlxture of k, 8 g. (0.02 mole) of diphenylphosphonyl
chloride, l 3 g. (0.02 mole) of sodium azide, and 25 ml. of hexamethyl-
phosphoric triamide (HPT) were stirred for 24 hrs. Samples withdrawn
periodically for infrared examination showed erratic azide absorbances and

- are not shown as a result. After 24 hrs., the mixture was filtered under

' nitrogen pressure through a fine-glass sintered funnel. This clear solution
was slowly added to 5.2 g. (0.02 mole) of triphenylphosphine. As there was
no immediate nitrogen evolution, the reaction was heated to 90°C. to cause
reaction. After 8 hrs. only about hl.s% of the expected nitrogen had been
collected.

Dilution with water and ammonium hydroxide precipltated
a yellow solid which was washed with ether to give 2.2 g. (~ 23.2%) of very
impure diphenylphosphonimidotriphenylphosphorane, m.p. 135-138°C. (llt.,
m.p. 170-171°C.). From the ether wash were recovered 1.5 g. (0.0057 mole,
28.5%) of triphenylphosphine while acidification of the aqueous phase with
concentrated hydrochloric acid yielded 3.0 g. (O 00137 mole, 6.8%) of diphenyl-
phosphonlc acid, m.p. 19k-196°C. .

(2) Benzene]Pyrldlne Mixtures (1943-159,160,163, and 196k)

Into a three-necked 100 ml. flask fitted with e
condenser, gas inlet tube and septum was placed sodium azide, 1.95 g. (O 0%0
mole, 20% excess) in 50 ml. benzene, The mixture was stirred under a nitrogen
atmosphere for 15 minutes before 6.0 g. (0.025 mole) of diphenylphosphonyl
chloride was introduced through the septum by means of a syringe. To this
‘reaction mixture 1.97 g. (0.025 mole) of pyridine was added. The mixture was
stirred under static nitrogen atmosphere at room temperature, sampled
periodically over 8 hrs. for infrared examination, and then allowed to stir
overnight before addition of the triphenylphosphine was begun.

' To the gbove reaction mixture, without filtering off the
inorganic salts 6.55 g. (0.025 mole) of triphenylphosphine in 15 ml. of
benzene was added. The conversion was found to be 63%’based on the yield
of the phosphorane.

. Exyeriments using 2:1, 3:1, and 4:1 ratios of pyridine to
dlphenylphosphonyl chloride were similarly carrled out and the results are
shown in Table V.

(3) Pyridine /Dimethylformamide (1943-17)

The azide was prepared in the same manner as described in
. previous experiments. The inorganic salts, sodium chloride and azide, were
filtered from the reaction mixture under nitrogen pressure. To the pink-
colored filtrate was added 50 ml., freshly distilled DMF before the pyridine
was removed from the mixed solvents under vacuum, The estimated quantity of
the azide was 6.80 g. (0.028 mole).

L8
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The above solution was then added at ambient temperature to
6.24 g. (0.01% mole) of 1 h-bls(dlphenylphosphlno)benzene (IVa) in 25 ml.
of dimethylformamide. After 5 hrs., although only 83% of the nitrogen had
been collected, an infrared spectrum of the reaction mixture dld not contain
"an azide absorption at k.65u.

Removal of the solvent at reduced pressure gave 14.1l g. of a
yellow-colored, tacky residue. Washes with 50 ml. of ether, 50 ml. of dilute
ammonium hydroxide solution, and 50 ml, of distilled water then gave 12.0 g.
(0.0137 mole, 97.9% yield) of a cream-colored solid. An analytical sample
recrystallized from isopropyl alcohol and water melted at 233-235° (reportea32
m.p. 233-235°C. ). Anal. calcd. for CsqHysPyNz0m: P, 14,13, N, 3.20.

Found: P, 13.7; N, 3.0L.

Ce Attempted Preparation of Phenylphosphonyl
Diazide in Pyridine/Dimethylformamide (1943-19)

A mixture of 5.7 g. (0.029 mole) of phenylphosphonyl dichloride
and 3.8 g. (0.058 mole) of sodium azide in 50 ml. of pyridine was stirred for
24 hrs, at ambient temperature before it was filtered to remove sodium
chloride. After sbout one-half of the pyridine had been removed at reduced
pressure, 50 ml. of DMF was introduced and concentration vas resumed. An
hour later an additional 25 ml. of DMF was added. Shortly thereafier it was
observed that the reaction solution was bubbling. The mixture also slowly
changed fram yellow to a deep-red color.

When no more bubbles were observed (3 hrs.), the mixture
- was sampled for infrared examination. There was no azide absorption at
L.654 at this point and the solution was not studied further at this time.

5. Prepgration of Phoéphorane Prototypes

a.  Diphenylsilyl-bis(imidotriphenylphosphorane) (XVI)

(1) In Situ Synthesis (1935-27)

To o mixture of 2.6 g. (0.0k mole) of sodium azide and
10.5 g. (0.0% mole) of triphenylphosphine in 200 ml. of refluxing pyridine
vas slowly-added a solution of 5.2 g. (0.02 mole) of diphenylsilyl
dichloride in 20 ml. of pyridine. The nitrogen evolved was 828.5 cec.
(92.5% of theory). The initially green-colored reaction mixture turned to
a pink color on standing overnight. Examination of the mixture at this
point by infrared spectroscopy showed no azide absorptions at about L4.65Hu.
The yellow-colored, gumny residue obtained on removal of the solvent at
reduced pressure was dissolved in hot benzene and isopropyl alcohol was added
to precipitate an off-white solid. Recrystallization from benzene-isopropyl
alcohol yielded 7.4 g. (0.010 mole, 50% yield) of white, crystalline diphenyl-
s11y1-t)>is(mdotriphenylphosphorane), m.p. 191.5-193°C. (lrt. ,2° m.p. 19k-
195°C




. condenser, addition funnel, and sampling septum and attached to a nltrogen

- evolution of nitrogen. ' A total of 921 cc. of nitrogen was collected which

A 0. h597 g. quantlty of the bls-phosphorane was stlrred
at aﬁblenu temperature for 16 hrs. in agqueous pyridine. = After filtration
and drying, 0.4511 g. (98.1%) of the white XXXVI, m.p. 192-193.5°C. was
recovered,: A second ouantity was heated on a steam bath for 2 hrs., cooled,
. filtered, end vacuum ¢:ied.  The recovered product, m.p. 192-193.5°C., :
L welghed 0. 3975 g. (92 9p) The loss here was at rlbuted to mechanlcal losses.‘

(2) StePW1se Synthes1s (l9h5-h)

One hundred ml, of pyrldlne and 2. 6 g. (O Ohl mole) of
sodiun azide were placed in a 300 mnl. round-bottom flask fitted with a

collection system. Then 10.9 g. (0.041 mole) of diphenylsilyl dichloride -

“was added through the septum by means of a syringe. After stirring overnlght -
at ambient temperature, the mixture was sampled for infrared examination, A -
strong azide asymmetric stretching absorption at h 64u and a medlum azide

, symnetrlc absorpolon at 7 57p were observed. S

. Subsequently, 10.8 g. (0. Ohl moLe) of trlphenylphosphlnef;”‘
dissolved in 25 ml. of dry pyridine was added so as to malntaln a study s

corresponds to a yield of 102, 6% Infrared examination at this point showed P
only a very weak azide sbsorption at 4,68y and a stronger, broader doublet ';;;;vﬁs
at T.38 and 7.TOW, due to P=N had replaced the symmetric azide absorption. - . =
A 35 ml. quantity of the reaction solution was withdrawn for use in studylng ‘ "in
‘ the chemlstry of the 1ntermed1ate chlorophosphorane XXXIV. AN

- Assumlng that approrxmately 25% of the chlorophosphorane
" had been removed, 2 g. (0.03 mole) of sodium azide was then added to the
“reaction mixture. Infrared examination of the red-colored reaction mixture
after 4 and 6 hrs. showed no increase in the azide absorbance at 4.68u after

'k nrs, Another 35 ml. quantity of the reaction solution was removed in order

to study the chemistry of the az1dophosphorane XXXV ana to compare 1t w1th

- _the precedlng chlorophosphorane XTIV,

E 76 the remalnlng pyrldlne solutlon of the az1dophosphorane LR
X0V (about 0.02 mole) at gentle reflux was slowly added 5.2 g. (0.02 mole) of -
~ triphenylphosphine in enough pyridine to give 25 ml. of solution. The reaction
evolved 456 ce. of nitrogen (101.8% of theory) and was pale-yellow in color.e,”_ o
Although on cooling, the red. color returned, after standlng over the week end, RS
the mixture had agaln become ‘yellow in color., : R L

The pyrldlne was removed at reduced pressure to glve a S
yellow-green residue which was washed with ether and dilute ammonium hydroxide. -
After drylng, 12.5 g. (O 17 mole, 85% yleld) of the crude bls-phosphorane was
obtalned. L
. : Dlgestlon of a l 1l g. qpantlty of the crude product w1th

10 ml of 1sopropyl alcohol . gave O 8 g. bls-phosphorane meltlng at 192 l9h9C.
(lrb. ,2" m.P: 19& 195 c. ) ; , :

‘,‘;e’5i7




b, P,P’-Bis(diphenylphosphonimido)-L b/~
_bls(dlphe‘l;phosphlno)blphenyl (XLVIII) (1887- 177,185)

The reaction of 2.4 g. (0.1 mole) dlphenylphosphonyl azide
(xxx) w1th 2.6 g. (0.05 mole) of L,k’-bis(diphenylphosphino)biphenyl (II) in
30 ml. of toluene at reflux resulted in the evolution of only about 86p of
the theoretical quantity of nitrogen. The addition of about 0.3 ml. of
additional azide did not cause additional nitrogen evolution.

Removal of the solvent at reduced pressure gave a tacky, off-
white solid. The material became more granular after washing with dilute
ammonium hydroxide and drying at reduced pressure and had a melting range of

120-200°C. (reported33 m,p. 241-243°C.). Recrystallization of the crude bis-
phosphorane from acetonitrile resulted in g white powder which still had a
wide melting range, 140-190°C. However, infrared examination of this material
showed that the principle absorptlons at 6.97(m), 8.0(sb), 8. 5655), 8.96(vs)
and 12,25 were identical to those of the previous preparation.

o Anal. caled. for CeoHseNz02Ps: C, 75.62; H, 5.08; N, 2.91;
P, 13.0. Found: i N, 2.99; B, 12.2.

. In a second run, the addition of 3.4 g. (0.01% mole) of
dlphenylphosphonyl azide to 3.7 g. (0.007 mole) of k4,4 ’-bis(diphenylphosphino)-
-~ biphenyl (II) in 35 ml. of refluxing pyridine resulted in the evolution of
279 ce. (313 cc. theory, 89.1%) of nitrogen after 1.5 hrs. -An infrared
examination of the pyridine reaction mixture at this point indicated a weak

.. azide dbsorption at 4,.6hy,

: After coollng to room temperature and standing for about 1 hr.,

~a white preclpltate began to form. After standing overnight, the solids were

~ Tiltered and dried at reduced pressure to give 5.2 g. of white powder which
melted and resolidified at about 170-175°C. and remelted at 238-242°C.

Recrystallization from acetonitrile provided a white, crystelline powder,

m.p. 241-242°C., reported®® m.p. 241-24%°C., (sealed tube, uncorrected) which

was used for thermogravimetric analysis. Anal. Found: C, 75.91; H, 5.35.

R N,N/ [p—Phenylene-bls(dlphenylphosphoranylldyne)]-
: bls(P-a21do-P;pheny;gh0§phon1c Amide) (XLIVa)

(l), In Pyridine (1945-24 and 19&5-115)

To a pink-colored pyridine solution of phenylphosphonyl
diazide, prepared by stirring 3.1 g. (0.0162 mole) of phenylphosphonyl
dichloride and 1.1 g. of sodium azide and 20 ml. of dry pyridine for 18 hrs.
at room temperature, was added a slurry of 3.6 g. (0.008L mole) of 1,k-bis-
(diphenylphosphino)benzene (IVa) and 50 ml., of pyridine. The initial reaction
rate is rapid and exothermic and essentially complete in 0.5 hr. The nitrogen
collected was 356 ce. (98.1% of theory). Infrared examination of the reaction
mixture at this point showed a strong asymmetric azide stretching at L4.70u
as well as P=N absorption at 8.0u. The spectrum was identical to that
previously obtained for phenylazidophosphonlmidotriphenyiphosphorane (xx1I)
in pyrldlne solution, 22 52




' Attempted isolation by pourlng a portlon of the reaction
mixture into ice water resulted in only partial sol:.dlflcatlon of the

. resulting oil. Filtration of the solid-oil suspension'gave 0.9 g. of a white ‘

s0lid which was vacuum dried at 100°C. for 1 hr. Infrared inspection of the
solid now showed strong sbsorptions at L4.72p (-Nz), 7.75-8.0p  (P=N), 8.37n
(P-0), and at 9.00p (=P(0)-CgHs). There was not any evidence for hydrolytic '
products as shown by the lack of any absorption at 10.3-10.65p. This spectrum o
was - a.lso essenta.ally that of the prev:Lously 1solated a.z1dophosphorane XLIL,

The remalnlng pyrld_lne solutn.on was :E‘lrst filtered under g

‘dry n:.trogen pressure to remove sodium azide and sodium chloride and then

concentrated at reduced pressure to give a friable, tan-colored powder. g
However, on drying at 100°C., the material melted and formed a glass on
cooling which was found to melt at 65-70°C. A molecular weight value of 880

. (theory, 80T; 109%) was obtained for this fra.ct:.on. The total yield of crude
- diphosphoranediazide XLIVa was 6.9 g. Attempted crystall:.zat:.on J.rom varlousv B

solvents has resulted in Olls whlch would not crystalllze.

In the second experlment to approxmately 16 6 g. (0 08

N mole) of phenylphosphonyl diazide (XLIII) dissolved in 240 ml. of pyridine

was slowly added 14.7 g. (0.033 mole) of 1,k-bis(@iphenylphosphino)benzene
(Iva) slurried in 120 ml. of pyridine. After only two hours, 1475 ce.

1 (quantitative) of nitrogen was collected. Infrared inspection showed a

strong azide absorption at 4.T2u. After the salts had been removed by

" filtration through a fine glass sintered funnel, removal of the pyridine at

reduced pressure gave a syrup-like, amber-colored residue. ., Addition of ether
to the residue precipitated a yellow-colored tacky residue and the liquid
phase became cloudy. The ether layer was decanted and washed with dilute
ammonium hydroxide which caused a white solid to separate from the ether
phase. After filtration, washing with water, and vacuum drying, 5.1 g. of
white solid melting at 136 138°C. was isolated. ' The infrared spectrum of

" this material showed a strong azide at 4.72p as well as the typical

phosphorane spectrum from T-94. In addition, there was a marked absence of
a;ny absorption at 10.4-10,9p which might have been ascribed to POP absorption

" as a result of hydrolysis. A molecular weight detemlnatlon in benzene usn.ng '

the Neumeyer method gave a value of 821 (theory 806)

Slmllar treatment of the yellow, tacky fractlon resulted
in the isolation of 18.0 g. of light-yellow colored solids with a melting '
range of 125-130°C. This material had a very similar :Lnfre.red spectrun which
however contained an sbsorption at 10.8u due POP. = Further purification was
achieved via recrystallization from a water-ethanol-pyrldlne to yield white, -

‘ hydrolys1s product free 2 XLIVa, m.p. k- lLL6 C., in only 30 % recovery. e

Anal. calcd. for 042}134021\18P4. ¢, 62 5u H b, 25, N 13. 89,

”_P, 415.56., Fownd: C, 51.70 H, 5.75; X, Lphe P, L. €0,

: The solvents were concentrated, treated W:Lth d:.lute
ammoni um hydrox:Lde and filtered to remove insolubles. Ac:.dlfn.cat:.on with '
concentrated hydrochlorlc acld preclpa.tated wh:Lte soln.d XLIVb wh:n.ch melted
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over the range 245-254°C. The infrared spectrum of this material was very
similar to the spectrum of the previously prepared and identified acid XLV.

' Anai. caled. for C42H3304N2P4. N, 3.70; P, 16.38.
Found: N, 3.4; P, 18.L,

(2) In Benzene/Pyridine Solvent (1972-2)

The phenylphosphonyldiazide (0.065 mole), prepared in the
benzene/pyridlne solvent system with a molar ratio of 2:1 for the pyridine
and phenylphosphonyldichloride, was reacted with one-half equivalent of
1,4-bis(diphenylphosphino)benzene in benzene at room temperature. It took
about three hours to complete the nitrogen evolution (98.5%). The mixture
vas filtered and the solvent removed from the filtrate under reduced pressure
to yield a pale-yellow solid, It was washed several times with ethanol to
yield white XLIVa with the melting range of 126-130°C. The yield was quanti-
tative. The infrared spectrum resembled the spectrum of pure compound
. prepared in pyridine.

Anal. caled. for C42H3402N8P4: P, 15.34%. Found:
P, 15.5.

Several addltlonal preparations of XLIVa were carried
out in a similar manner to provide material for the other studies.

' d.: N,N” -Bls(trlphenylphosphoranylidene)-N N -
' [ -phenylene-bls(d;phenylphosphoranylldyne)]-
bls(ELphenylphosphonic diamide) (XLVII)

(1) In Toluene (1945-33)

A 3,9 g. (app. 0.00483 mole) quantity of the crude bis-
az1dqphosphorane XLIVa was partially dissolved in 20 ml. of toluene and
" brought to refluxing before the addition of 2.5 g. (0.00954% mole) of
triphenylphosphine dissolved in 30 ml. of toluene was begun. After 8.5 hrs.,
the nitrogen collected was only approximately 180 cc., only 84% of theory.
The mixture was sampled for infrared examination at this point. The azide
‘ebsorption at k4. TOW was now gbsent but typical phosphorane sbsorptions were
present at 7.5-8.1, 8.3, 8.5, and 9.0u.

) The toluene was decanted from solids on the wall of the
reaction flask and concentrated to yield an off-white colored residue which
weighed 5.4 g. The infrared spectrum contained the expected absorptions as
well as probably POP sbsorption at 10.4-10.95p. A 3.0 g. quantity of this
material was dissolved in benzene and refluxed with activated charcoal for
0.5 hr. After filtration to remove the charcoal the benzene was removed by
means of a Rinco evaporator and water aspirator pressure to give 1.1 g.
friable, white solids. The infrared spectrum of this fraction was unchanged
from that of the crude reaction product. Anal, caled. for CpglHgsOoNsFPs:

N, k.39; P, 1k.57; M.W. 1275, Found: W, 3. T3.30; P, 13.7; M.W., 826, .
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e : Ether was stlrred Wlth the sollds on the wall of the B
, ‘reactlon flask for 4 hrs. to give 1.4 g. of a white powder which melted over
- the range 114-180°C. These solids also had an infrared spectrum which was

similar to those of the prev1ous fractions. Comparison with the spectrum of;ff~'”}'

_the previously prepared®® acid-phosphorane XLV shows that the ebsorption at -
- 10.7-10.951 which was thought to be due to a POP ebsorptlon was also present

in XLV. Due to the grossly impure nature of this tetraphosphorane as . :
evidenced by the wide melting point range, infrared spectra, and ‘elemental
analyses, this synthes1s was repeated us1ng more pure bls a21dophosphorane‘
XLIVa. ‘ . S :

-‘e(é) In ggglalne (19&5 155)

. ‘ .. .A 2, 6 g.}(O Ol mole) quantlty of triphenylphosphlne in
»50 ml. of pyrldlne was brought to reflux before 4.0 g. {0.005 mole) of the
bis-azidophosphorane XLIVa in 10 ml. of pyridine was slowly added. The
nitrogen collected was 215 ce. (96 of theory) Removal of the solvent at
reduced pressure and work-up yielded 5.8 g. (0.00L454 mole, 90.8%) of light-
' yellow crystals melting at 101-103°C. - Anal. caled. for C78H6402N4P6

o N, L, 39, P, 14.57. Found: N, 3.70; P, 1k.3.

e. N, N [p-Blphenylene(diphenylphosphoranylldyne)]- ,7»‘
bls(P a21do-P1phenylphosphonlc Amlde) (XLVI) ’

(1) In Pzzldlne (19&5 -50)

A mixturé of 2.0 g. (0.031 mole) of sodlun azide, 3. l g.
(0.0157 mole) of phenylphosphonyl diazide, and 50 ml. -of pyridine were
‘allowed to stir at ambient temperature for 18 hrs. The addition of k.1 g.

- (0.0078 mole) of k,4’-bis(diphenylphosphino)biphenyl suspended in 100 ml. of

pyridine was carried out in increments over 2.5 hrs. .The rate of nltrogen

":L evolution was very slow at ambient temperature.  After 3.25 hrs., &an 1nfrared a

- examination of the reaction mixture showed an intense azide absorption at :
- L.,Tou. An additional 0.8 g. .of sodium azide and O.4 ml. of phenylphosphonyl -
]dlchlorlde vas added to the reaction after 6 hrs. o ‘

' After stlrrlng for 72 hrs. at amblent temperature the
- nitrogen evolved was only 300 cc. (not corrected, theory 352 cc. ) and the
solution infrared spectrum was essentially the same as that of - the earller
sample. R R ~¢ E : N o

, Approx1mately h8 ce. of the reactlon solutlon vas -
‘ w1thdrawn and concentraued at reduced pressure to give a tacky, greenfcolored,

- residue. The addition of ether prec1pltated a vhite solid which was

examined in the infrared and was found to have a strong azide absorption at
4,73y, phosphorane absorptions at T-8.2u, phenyl-PO at 8,754 as well as a -

" possible P-O-P ebsorption at 10.75. ‘There was no evidence for other aeid
R 'absorptlons 1n the h 6p reglon or for 1, h dlsubstltutlon at 12 2u. e
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: This reaction was discontinued as a result of the more
- promising of results obtained via the mixed solvent method (see below).

'(2) In Berizené/Py_ridine Solvent (1943-170,171)

‘ The phenylphosphonyl diazide (0.03 mole) prepared in the
benzene/pyridlne solvent system with a molar ratio of 2:1 for the pyridine
and phenylphosphonyl dichloride, was reacted with one-half equivelent (7.8 g.,
0.015 mole) of 1,k-bis(diphenylphosphino)biphenyl (II) in benzene at room
temperature. It took about one and one-half hours to conplete the nitrogen
evolution., It was filtered and the solvent was removed from the filtrate
‘to yield a pale-yellow solid with a melting range of 180-200°C. The yield
of this crude product was quanoitative. It was then washed several times
with acetone to yield a white XLVI (75% yield) with a melting point of
210-212°C. The infrared spectrum resembled the spectrum of the product made
in pyridine including a strong azide absorption in the region of k.TOu.
Anal caled. for c:481:£38021\181>4 P, 14.03% Found: P, 1k 1.

: 6. Preparation of Phosphorane Polymers

a. Reaction of Phenylphosphonyl Diazide
and 4,4 ’-Bis(diphenylphosphino)biphenyl (1887-187 and 1943-107)

A mixture of 1.15 g.' (0.0059 mole) of phenylphosphonyl

dichloride and 0.77 g. (0.0118 mole) of sodium azide in 15 ml. of pyridine
~ were allowed to stir at ambient temperature for 18 hrs. before the addition
of 3.1 g. (0.0059 mole) of 4,k’-bis(diphenylphosphino)biphenyl (II) as a
"slurry in 35 ml. of pyridine was begun. The evolution of nitrogen was slow
during the addition of the slurry. After the solids in the addition funnel
.were washed into the reaction flask with an additional 10 ml. of pyridine,
the reaction mixture was brought to reflux and held there for 5.5 hrs. The
. nitrogen evolved was only 155 cc, (uncorrected, theory 264 cc.). Although
the pyridine solution still contained azide (infrared ebsorption at 4, 65u),
the pyridine was removed at reduced pressure to yield a tan-colored solid.
The solid was washed with dilute ammonium hydroxide (25 ml. water to 5 ml.
concentrated ammonium hydroxide), with water, filtered, end vacuum dried.

The tan powder, which weighed 3.9 g. (theory 4.0 g.), was
'found to have 1nfrared ebsorptions due to azide at k.70 and probably P-O-P
at 10.7-10.8u as well as the typical phosphorane absorptions at 6.95,
7.5-8.6, and 8.98u. A sample of this impure material was submitted for
differential thermal analysis to provide reference deta.

In a second preparation under similar conditions, 3.9 g.
(0.019 mole) of phenylphosphonyl diazide (XLIII) and 9.9 g. (0.019 mole)
of L4,4’-bis(diphenylphosphino)biphenyl (II) were reacted at reflux in
pyridine. -After removal of the salts and solvent, 12.0 g. of yellow-
colored powder was isolated. Affer being dried at lOO°C/b.5 mm. , the solid
softened at 165°C., foamed at 175°C., and melted at 225-230°C. The
differential thermal analysis curve for this biphenylene linked poly-
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phosphorane XLIXb contalned an endotherm which began at 476°C. and peaked at
556°C. as well as an endotheérm which began at about 187°C. and which peaked
at 258°C. The infrared spectrum of this material contained all of the o
. expected absorptions. A sample was also submltted for thermal grav1metrlc»

© analysis. : ‘

. : From the salts’ flltered from the reaction mlxture, an -
addltlonal Lh g of white solid was recovered after the salts had been.
,dlssolved in dilute ammonium hydroxide. This powder softened at 210-215° C.
and appeared to decompose at 300°C. The infrared spectrum was s1mllar to
that of the rlrst fractlon..f ; : :

“vb,tf ‘Reaction of Phenylphosphonyl Dlaz1de »‘
‘ and 1, L Bls(dlphenylphosphlno)benzene

(1) Seg ent:.al Reaction (19&5 130 to 155)

In a 2000 ml three necked flask eqplpped with a )
condenser, septum, and addition funnel and which had been well dried and
purged with dry nitrogen was placed 23 ml. of a pyridine solution -
containing 0.012 mole of phenylphosphonyl diazide. 1,k- Bls(dlphenylphosphlno)-
benzene (IVa) 2.6 g. (0.006 mole) dissolved in 100 ml. of pyridine was
" added slowly, at ambient temperature, to the diazide solution. After two - -
hrs. , 250 cc. of nitrogen,: 9%% of theory, had been collected. A strong

a21de absorptlon was present; at L, 72u in the spectrum of the mlxture

' Wlthout ;solatlon of the bls-az1dophosphorane XLIVa, a
second. quantlty of 1,4-bis(diphenylphosphino)benzene (IVa), 5.2 g. (0.012
“mole, in 200 ml. of pyridine was slowly added to the reaction mixture and
then allowed to stir at ambient temperature for 18 hrs.” As only 30 ce. of
‘nitrogen was collected during the period, the reaction mixture was brought
to reflux in order to force the reaction to proceed. The nitrogen evolved
was measured at 420 ce. in contrast to the theoretical volume of only -

269 cc. The error can be ascribed to the @ifficulty in measuring volume
“expansion due to the heating of the reaction mixture. However, 1nfrared
inspection showed the absence of any ‘azlde absorptlon 1n the reglon

L. 55-h TSk,

"Assuming that the prev1ous reactlon had proceeded as

'expected to the bls tertiary phosphine terminated L, an additional 0.012 mole
of phenylphosphonyl diazide (XLIII) in 23 ml. of pyrldlne was added within -
- two minutes to the reaction mlxture.' As there was no evidence of nitrogen
evolution, the reaction mixture was heated at 100°C. for 6 hrs. Then another
0.012 mole of 1, h-bls(dlphenylphosphlno)benzene (IVa) added directly to the
regetion mixture.,  After 5. S5 hrs. at a mantle temperature of 180°C., a total
of 580 ce. (not corrected) was c¢ollected which agrees well with the S

theoretical value of 538 cc.. The infrared spectrum of the reaction solution e

. showed the ebsence of azide absorptlon at 4.65-L4,75u. © After removal Of the
- pyridine at reduced pressure, lT.O g. of brown-colored solids, which softened
at l20° and foamed at 155 C. Were recovered. Fprther charac»erlzat;onrls
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underway. Anal. caled. for CsgHpgONoPs: P, 15.49. Found: P, 1h.2.

(2) In Situ in Pyridine (19%3-102)

Under an atmosphere of dry nitrogen, a mixture consisting
of 6.5 g. (0.1 mole) of sodium azide, 8.1 g. (0.0kl mole) of phenylphosphonyl
dichloride, and 75 ml. of pyridine were allowed to stir for 24 hrs. at
ambient temperature. To the gently refluxing solution of the resulting
phenylphosphonyl diazide (XLIII) was slowly added 18.3 g. (0.0Ll mole) of
1 h-bls(dlphenylphosphlno)benzene (Iva) in 150 ml. of pyridine. After 8 hrs.
‘at reflux, about 1643 cc. (90% of theory) of nitrogen had been collected.
Infrared inspection of the reaction mixture showed that there was no azide
absorption at k4. Tu. ter the by-product sodium chloride and excess sodium
azide were removed by filtration, the pyridine was removed at reduced pressure
to give 26.5 g. of a straw-colored solid. After drying at 100°C. and 0.5 rm.
of mercury for two hours, the polyphosphorane softened at 145°C., foamed at
16k°C., and melted at 200°C. Anal. caled. for CggHpgNoPa: N, 4.68; P, 15.52.
Found: N, 3.89; P, 17.6. Differential thermal enalysis indicated only a
small exotherm beglnnlng at about 406°C. which peaked at 429-438°C. and then
an endotherm which peaked at about 527-537°C.

A second portion was heated at 140°C. and 10-3 mm. for
2 hrs. This sample now softened at 165-1T70°C., foamed at 190-230°C. and
melted at 255-260°C. The differential thermal analysis curve was essentially
the same as the above sample. Anal. Found: N, 3.89; P, 17.6.

(3) In Situ in y-Picoline (1945-34)

A mlxture of 16 & (0.082 mole) of phenylphosphonyl
dlchlorlde, 11.8 g. (0.182 mole, 11% excess) of phenylphosphonyl dichlorigde,
and 40 ml. of y-picoline which was allowed to stir at ambient temperature for
T2 hrs. became dark red-brown in color.

To a refluxing solution of 8.9 g. (0.02 mole) of 1,k-bis-
(diphenylphosphino)benzene in 35 ml. of y-picoline was slowly added 13 ml. of
the gbove diazide solution. Although the evolution of nitrogen was essentially
quantitative, infrared examination of the reaction mixture showed a weak azide
gbsorption at 4.70W. An additional 6.5 hrs. at reflux did not cause a
decrease in the azide absorption. Twenty-five ml. (25 g.) of the reaction
solution was withdravn and the solvent removed at reduced pressure to give
5.8 g. of brown-colored powder which softened at 87°C. and partially melted
and foamed to 160°C. A 2.8 g. portion of the powder was washed with two
15 ml. portions of ethyl ether, then dilute ammonium hydroxide solution, and
water to give 2.7 g. of tan-colored powder after drying at 102 mm. and room
temperature.. Anal. caled. N, 4.68; P, 15.52. Found: N, 4.59; P, 1h.L,

This fraction still contained a relatlvely strong azide absorptlon at 4. 72u
(potassium bromide pellet). A 0.6291 g. sample of the unwashed powder was
subsequently heated over the temperature of 110-220°C, during 3.5 hrs. The
resulting dark-brown colored glass weighed 0.5684 g..and no longer contained
any azide absorption at 4.70n. The glass softened at 170-220°C. but did not




flow to 240°C. Anal. Found: N, k475 P, 15. k4,

‘ As' a result of the continuved presence of azide
absorptlons in the various fractions obtained from the initial aliquot,
small quantities of 1 h-bls(d;phenylphosphlno)benzene were added to a
refluxing reaction mlxture until there no longer was any azide sbsorption.
~ Removal of the plcollne solvent resulted in the isolation of 6.8 g.  of a
dark-brown colored powder. The infrared spectrum of this powder contained
only a trace azide at h.?Ou’as well as the typical phosphorane absorptions

at 7T-9u. Anal. Found: N, 4.38; P, 1k k. A 2.6 g. portion of this powder . o

' was slurried w1th 25 ml. of benhzene and refluxed for 2 hrs. The benzene was
 decanted from a tacky residue and concentrated to yield 1.6 g. (61.6%) of a
tan-colored powder, When heated in the air on a watch glass, the powder

softened at approxipately 200°C. and was unaffected to 265°C. There was no
Tiber formation from the melt while the brown glass which formed on cooling

. 'did not adhere to the surface of the watch glass. Heating of a 2.2999 g.

quantity of the crude prolyphosphorane at 10-%4 mm. from 95 to 205°C, for 2 hrs.:
resulted in the isolation of 2.1576 g. (93.8% recovery) of a brown glass.
This recovery duplicated the result obtained from the heatlng of the flrst
fractlon of thls polyphosphorane. ‘ - S

]

(h) In Pyrldlne/Dlmethylformamlde Mixture (l9h3 5&)

Into a 500 ml, , 2 necked flask eqplpped w1th a condenser
and addltlon Punnel 8. 92 g. (0.020 mole) of 1,k-bis(diphenylphosphino)-
benzene (IVa) in 100 ml. of DMF was placed. It was heated in a hot water
bath until all solids were dissolved. A gas collecting device was then
connected to the condenser before phenylphosphonyl diazide (XLII), k.16 g. -
(0.020 mole), in 23 ml, of pyridine was added slowly through the addition
funnel to the hot solution with stirring. Within 10 minutes 520 cc.of
nitrogen gas was collected. After one hour an additional 100 ce., was
collected. A total of 665 cc. (or 614 cc. at STP) of nitrogen gas (68%
conversion) was collected over a period of 6 hrs. = The infrared spectrum of
the reaction mixture showed no azide absorption in the region of k4,65up. The
" solvents were removed at reduced pressure to yleld 13 g., of crude yellow—

‘ colored gummy polymer. : : :

vir;' ' e A portlon of the gummy yellow solld was washed w1th

" acetone and flltered to isolate 2.8 g. white solid which decomposed at 275°C.
© To this filtrate water was added to precmpltate 4.0 g. of & light-yellow - o
- s0lid vhich also decomposed at 272-275°C. The infrared spectra of both"
‘solids were identical and dld not contaln any absorptlon due the azide. Anal.
' calcd for the unlt of : _— : SR T

» ='mf(o =P (Cofi a (et 2 (Cefis)e|
| CocflasRolled: B, 35.5% N, h.70K Fowd: P, Lk N, 223




c. Reaction of 1,4-Bis(diphenylphosphino)-
benzene (IVa) and the Bis-Azidophosphorane (XLIVa)

(1) In Dimethylformamide (1972-9)

In a 250 ml, 3-necked flask fitted with a condenser,
themometer, and gas inlet and outlet tubes was placed 4.50 g. (0.0l mole)
of 1,4-bis(diphenylphosphino)benzene (IVa) and 50 ml. of dimethylformamide.
This solution was then brought to reflux under nitrogen before the addition
of 8.0 g. (0.01 mole) of the bis-azidophosphorane XLIVa in 50 ml. of dimethyl-
- Pormamide was begun. The nitrogen evolved was 448 cc. (90.9% of theory).

After removal of the solvent at reduced pressure, the
,llgh’c-yellow colored tacky residue (~ 14 g.) was washed with distilled water
and dried to give 12 g. (96% yield) of a white powder which softened at 125°,
foamed at 205° and darkened at 245°C.

When the powder was placed in water and heated to about
65°, it balled to a gummy mass from which long fibers (brittle) could be
pulled repeatedly. When the powder was placed in a small die and heated to
0°C. with about 4800 psi a clear, amber-colored disk was formed. However,
this disk was also brittle. Anal, caled. for CggHssONzPa: N, %.6; P, 15.5.
Found: N, 3.7; P, 15.2. B

(2) 1In Dimethylsulfoxide (1972-6)

A similar preparation run in dimethylsulfoxide at 85°C.
resulted in only a 66% collection of the nitrogen. The powder, precipitated
from the dimethylsulfoxide by the addition of water, was washed with ethyl
ether to yield 8.5 g. (67% yield) of light-yellow colored powder. This
povder softened at 85°, foamed at 98° to 130°, became clear at 170°, and
darkened at 230°C. When placed in water at 65°C , long brittle threads could
be drawn out. Anal. Found: N, 3.19; P, 1k.6.

(3) In Hexamethylphosphoric Triamide (1972-11)

Since it had been observed that 1,4k-bis(diphenylphosphino)-
benzene (IVa) is oxidized in hexamethylphosphoric triamide at the reflux
temperature, this run was carried out at 85°C. However, the nitrogen
evolution was only 67.8% of theory and only 7.7 g. (61.5% yield) of poly-
phosphorane was isolated after washing with water and with ethyl ether. The
powder softened at 95°, foamed at 125°, and darkened at sbout 250°C, Similar
long, white, brittle fibers could be draxm.from this product polyphosphorane.
Anal, Found: N, L4.03; P, 14.3,

. d. Reaction of Diphenylsilyl Diazide and
1,h- Bls(dljmny;phogpmno Ybenzene

(2) In gzgldln (1043-94)

‘Into a 3-necked, 500 ml. flask equipped wn.th condenser,
rubber septum, and addition funnel were placed 3.12 g. (0.048 mole) of sodium
; 60 :




a21de and 100 ml. of pyrldlne. The system was flushed w1th nltrogen for

5 mins. before 4.0 g. (O 02 mole) of dlpheny151lyld1chlor1de was introduced
through the septum into the flask. The reaction was continued at room
temperature under static nitrogen atmosphere with stirring for 24 hrs,
After 24 hrs., a sample was taken for 1nfrared 1nspect10n and showed a strong
 azide absorption at L, 72@. I

L Wlthout fllterlng off the sodium chlorlde and the .
unreacted sodium azide, 1,l4-bis(diphenylphosphorus)benzene, 8.92 g. (0. 02
mole) suspended in 100 ml. of pyrldlne, was slowly added to the gently

refluxing pyridine solution. Due to a leak in the nitrogen collection system, o

no measurement of the volume of gas evolved was made. After 3 hrs. an

infrared examination of the 'reaction mixture indicated the reaction to be

~ complete as there was no longer any azide absorption at k.72, The pyridine -

was then removed under reduced pressure to yield 9.00 g. of yellow-colored

solids. An infrared spectrum showed characteristic broad absorption of

- =P=N- at 7.25 to 7.75K. The 'product softened at 110°C. and darkened at
215°C. The molecular weight determined by Neumeyer Method in benzeéne was

found to be 1130, Anal, caled. -for C4oH3a8illoP2: P, 9. L2; N, L4, 26;

Si, 4.26. Fownd: P, 9.74; N, 3.15; Si, 3.9%, leferentlal thermal

B analysis of this materlal 1ndlcated a small endotherm at h?éPC. whlch peaked -

~at 500-539°C.
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ITI. SUMMARY AND CONCLUSIONS

“Vork carried out in & variety of areas, all of which are directed to the
ultimate syntheses of thermally stable polyphosphoranes, has resulted in the
syntheses of new and useful tertiary phosphines, phosphonic acids, and
phosphorane intermediates such as the bis-azidophosphoranes. This work
“included the investigation of both phosphorus and silicon containing
organometalllc a21des.

It was found that the synthesis of phosphonyl azides can be readily carried
out in benzene by using a 2:1 molar ratio of pyridine to phosphonyl chloride.
By using this method, two new bis-azidophosphoranes, XLIVa and XLVI, were

0 0
t )
CGHS€N=P(CBH5)2 <\ /> P(Csﬂs)a-NPCsHs
N3 . x Ns
XLIVa. X =1
=2

I HJVIQ X

successful prepared in high yield and purity. The stability and ease of
synthesis of these compounds now makes it unnecessary to handle or purify the
unstable phenylphosphonyl diazide. The bis-azidophosphorane XLIVa was
subsequently reacted with 1,4k-bis(diphenylphosphino)benzene in several
solvents to give the polyphosphorane from which, for the first time, fibers
and disks (brittle, however) could be formed. Further exploitation of this
discovery is planned. ‘

. Thermal gravimetric analysis studies of para-phenylene and 4,4 ‘-biphenylene
linked polyphosphoranes indicated a thermal stability to 400°C. The residue of
40-45 percent was then observed to be stable to T00-80°C. Since these values

. were obtained from in situ prepared polyphosphoranes, further studies on
thermal stability will be carried out with samples obtained via the bis-azido-
phosphoranes such as XLIVa and XLVI.

‘The bis-phosphorane XLVIII containing the U4,4’-biphenylene linking unit
has been showvn by thermogravlmetrlc analysis to undergo no weight loss to
410°C. and only a 10% loss at 460°C. As a result, additional preparations of
the intermediate L h’-bls(d;phenylphosphlno)blphenyl will be made to meet the
needs of further studies. -

62




The successful syntheses of 3- and 4-bromophenyldiphenylphosphines
" (IX and XV) via an inverse Grignard technique provides access to the
syntheses of several highly desired intermediates such as meta-bis-tertiary
"~ phosphines and a mixed tertlary phosphine-phosphonic acid. In connection
-with this work has been the development of two methods for the purification
of tertiary phosphines--one by solution in concentrated hydrochloric acid,
the other by column adsorption chromatography on alumina. A second part of
 the continuing research on polyphosphoranes w1ll be on the preparatlon of the

1ntermed1ates descrlbed. : .

The 1n1t1al studles of the preparatlons of two para-arylene llnked
phosphonic acids, XXV and XXIX were also 1nvest1gated Further efforts will

‘ ' X=l;R=CH3-

‘be directed to the syn*hésis'of larger amounts of these acids and to their

o oconver31on to the correspondlng phosphonyl chlorldes and azides.

- A prellmlnary survey of 31lyl dlaZldeS has subgested that the chemlstry
- of various silyl azide-phosphorane systems analogous to the previously
described bis-azidophosphoranes can be developed. As time permits, this new

“area will also be further studied. = In addition, the Tirst synthesis of a
silicon containing polyphosphorane was carried via the’ 1n 51tu technique,

. Since differential thermal analysis indicated thermal stabllluy to approxi-

mately h50°C., additional work is warranted T

An attempu to prepare a trlborophane d1a21de was not successful No
,further work is planned 1n thls fleld. : - B
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TABLE VI

NEW COMPOUIDS

_ Name (T'ee_ict":Nﬁrn‘ber) | Structural Formula
Tertisry Phosphines and Derivatives D
4 -Bromophenyldiphenylphosphine (IX) (Cels )ZPOBI'
. Ld Br
3-Bromophenyldiphenylphosphine (XV) (CeHs )2P@

)i -Bromophenyldiphenylphosphine oxide (XIV) | (CeHs )2P@Br

L ) *-Bis(diphenylphosphino )biphenyl (II) (Cels )gPP(CGHS )2
| S - 0 0
‘ 1 t
L 4 /-Bis(diphenylphosphino )biphenyl- (CeHs) 21>1>(c61{5 )
bisoxide (IIa)
1,4-Bis(@imethylphosphino)benzene (III) (CH3)2P©P(CH3)2

Arylene-Linked Phosphoranes

N,N’-[p-Phenylenebis{diphenylphosphoranyl- | ? .
idyne)]-bis(P-azido-P-phenylphosphonic CeHsPN=P(CgHs ) 2--@
amide) (XLIVa) !

_ N3
e o 2
0

N,N'- [p-Phenylene( diphenylphoéphoranyl— t ,
idyne)]-bis(P-hydroxy-P-phenylphosphonic CeHsPN=P(Cells )2
. emide) (XLIVD) o

1

68




'Melting

Boiling

Remarks

Reference

Point, °C

T35

1h1-143
191-192

299-301.5

Lk-146

2b5.25y

Point -

165 _1750 /lO "'3 i

. 165-17o°'/.005 mm _

& /0% m

Strong, sharp P-0 absorptlon s
| at 8 Su ‘ :

o Str§ng P-0 absorption at 8fhu

- | Strong, sharp Ns absorption ;
at h 72p o , o

. ' N{) .

6 m

8, 43

T,

3, »3'2’

3,39

17,52

17, 5k

.769




TABLE VI (CONT)

NEW COMPOUNDS

Name (Text Number)

Structural Formula

N, N"’-Bls (triphenylphosphoranylidene )-N/,N”-
[p-phenylenebis( diphenylphosphoranylidyne )]-
bis(P-phenylphosphonic diamide) (XLVII)

I

N, N ’-[p-Biphenylene (diphenylphosphoranyl-
idyne )]-bis(P-azido-P-phenylphosphinic
amide) (XLVI)

Silicon Phosphoranes

Chlorodiphenyl-N-( triphenylphosphoranyl-
idene)silyl amide (x:socxv)

Az:Ldodlphenyl-’\T— ( triphenylphosphoranyl-
idene)silyl amide (V)

Miscellaneous

Diphenylsilyl azidochloride (XXXIII)

L ,l(+ ¢ -B;.phenylenebis (phenylphosphinic acid)
XXV .

' l, -B:.s(d:.methylphosph:.no)benzene-'b:.s-
- (trid romob orane)

0

- 9

(CeHs )3P=N:E:N=P(06H‘5 )z
Cells

(0]
1+
CeHsPN=P(CeHs )2
1
Ng

(ceHs)agiN=P(csH5)3
Cl

(Cetls )281N=P(Cefls )3

N3

(csﬂs)§Si(Ns)01

0 0

OO
Sew

OH OH

BrsB: P(CHs )2-©~P (CHz)2:BBrs




,‘Melting

Point, °C .

. Boiling
Point

Remarks -

. ‘Reference -

 .103‘

210-212 -

.No N5 absorption

‘Strong Na sbsorption at'h;TOu‘°

Not 1solated dbserved v1a

‘products and/or 1nfrared

!
'

Not 1solated dbserved v1a products’i
'and/or infrared : :

Not 1solated, dbserved via S
products and/or 1nfrared S

Partielly characterized ~

| Steble adduet .

19, 54

. %l8;-§57’

ilh, 50";:

1, 50;';}5
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